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Shown is a low-noise, adjustable amplifier of a 
fiber-optic receive module for the 565-Mbit/s 
transmission system. The 1.8 X 2.8 mm ampli- 
fier chip is fabricated in monolithic integrated 
bipolar technology and is mounted on a ceramic 
substrate 
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The use of digital technology for both the transmission and switching 
of signals results in a distinct improvement in the cost-effectiveness of 
communication networks. As a result, the importance of analog 
technology has progressively decreased in recent years. Almost 
everywhere in the world new network sections are now being 
installed using digital systems exclusively. Furthermore, optical 
waveguides were introduced in recent years as the new transmission 
medium for communication networks. In addition to the special 
advantage of their large usable bandwidth, optical cables are also 
economically superior to copper cables in the long-haul and short- 
haul networks, where they are being used to an increasing extent. 


Digital signal transmission is the fundamental prerequisite for the 
introduction of ISDN (integrated services digital network). 
Subsequent extension of this to a broadband ISDN will be made 
possible by employing optical waveguide systems right through to 
the user. Even with considerable growth, cables with single-mode 
fibers and high bit rates will offer the transmission capacity required 
by the new services for years to come. 


When these developments were beginning to emerge at the end of the 
last decade, we presented a comprehensive review of digital trans- 
mission as it then stood in a special issue of “telcom report.” This 
was followed at the beginning of the eighties by a further special issue 
devoted to optical communication, which at that time was on the 
threshold of widespread introduction. In a series of four special 
issues published during the past year we dealt with topics from the 
field of radio communication. Cellular networks are the subject of 
the first special, “Mobile Communication.” In “Components for HF 
Networks,” the state-of-the-art in microwave technology for tactical 
and strategic networks is documented. “Satellite Communication” 
presents transmission systems and access methods for satellite 
networks. The main topic in this series of special issues, digital radio 
relay, is given extensive treatment in “Radio Communication.” Our 
intention with the current special “Multiplexing and Line Trans- 
mission,” is to present the state-of-the-art in these two areas. 


As in the preceding specials, our aim is to show the basis from which 
our development engineers started in the generation of new products, 
what approaches they adopted, what goals were attained and by 
what means we assure the quality of our products. 


Iam confident that this new special issue, together with the specials 
on radio communication, will provide our readers with an 
up-to-date and comprehensive account of the topic “Modern 
Telecommunication. ” 
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Heinrich Keil and Helmut Pascher 


Development Trends _ 
In Telecommunication Transmission 


From the very beginning, telecommuni- 
cation transmission has always been 
located in the force field between the 
development of demand and the devel- 
opment of technology. There has been 
constant interaction between these two 
poles. 


The influences from the demand side are 
the growth in telephone traffic, the 
digitization of switching systems and the 
introduction of ISDN, initially for nar- 
rowband (64 kbit/s) and later also for 
broadband (video) services. To this can 
be added demands for reduced mainte- 
nance costs, increased availability and 
the computer-aided management of the 
transmission network. 


Dipl.-Ing. Heinrich Keil 
Siemens AG, 
Transmission Systems and 
Dr. techn. Helmut Pascher, 
Siemens AG, 
Communication Cables, 
Munich 


The current influences of technology 
mainly concern the development of opti- 
cal cable systems, the development of 
the optical semiconductors, as well as an 
ever-faster and low-loss semiconductor 
technology including the associated 
computer-aided design (CAD) tools for 
the design of increasingly complex very 
large-scale integrated (VLSI) circuits. 
The development of mini- and micro- 
computers with the associated pro- 
gramming technologies likewise has an 
effect on transmission systems. In the 
case of the influences of technology, 
particular interest attaches to the si- 
multaneous maturing of differing tech- 
niques, such as the production of low- 
loss optical waveguides, the availability 
of optoelectronic transducers and not 
least digital technology, which is above 
all the prerequisite for the use of optical 
transmission systems. 


Status and future prospects 
of cable technology 


Optical waveguides for telecommunication 


In contrast to metallic waveguides, opti- 
cal waveguides are optimized for those 
characteristics which are most likely to 
offer economic advantages, namely low 
attenuation and wide bandwidth. Up to 
now both features have only been attain- 
able with high-purity silica glass. Optical 
waveguides are particularly well suited 


to PIT applications and are most exten- 


sively used-in this area. |: yo 

The deptlopment of optical waveguide 
transmission characteristics led very 
quickly from’ the multimode fiber with 
step-index profile via the multimode fiber 
with graded index to the single-mode 


fiber. Mean attenuations of about 
0.33 dB/km at a wavelength of 1300 nm 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


Introduction 


and about 0.18 dB/km when optimized 
for 1550 nm are values which can nowa- 
days be attained in production. The 
bandwidth is determined by the material 
dispersion of the glass and has an opti- 
mum value at 1310 nm, the zero of dis- 
persion versus wavelength. This opti- 
mum can be displaced to 1550 nm by 
compensation with the waveguide dis- 
persion. Whether or not this will be 
worthwhile, apart from special applica- 
tions such as undersea cables, remains to 
been seen in view of the continuous 
improvement in lasers in the direction of 
modal purity (small emission band- 
width). 


Production methods 


The outside deposition techniques allow 
the highest deposition rates of the fiber 
preform production methods and are 
therefore particularly economical. The 
radial deposition has the additional ad- 
vantage that the initially porous preform 
can be readily rid of traces of water from 
the combustion gas — this results in very 
low attenuation values with a smooth 
attenuation versus wavelength response. 


As a “bridge” to the packaging in the 
form of the cable, the plastic coating 
over the fiber plays an important part in 
isolating external mechanical stresses 
and largely determines the stability of 
the transmission characteristics. Two 
layers of rubbery polymers based on the 
principle of “inside soft, outside hard” 


yield fibers with good handling proper- 


ties and low sensitivity to microbending. 


Up to now there have been few compet- 


“ing cable design principles. The first and 


oldest, and increasingly clearly domi- 
nant, principle is based on the concept 
that, with a view to preventing adverse 
effects on the attenuation and life of 
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fibers, they must not be subjected to 
continuous tensile stress, since even with 
strain relieving, and hence more com- 
plex, designs a certain elongation of the 
cable cannot quite be avoided under in- 
stallation conditions. For this reason the 
fibers are so stranded in the cable struc- 
ture that they have a certain reserve 
length (excess length) by virtue of radial 
play to accommodate elongation of the 
cable. With this design, one or several 
optical waveguides (e.g. ten fibers) are 
arranged with adequate free movement 
in a soft water-repellent filling com- 
pound within a protective plastic tube. 
Several of these multifiber units (or bun- 
dles) are stranded to form the core. 


With two exceptions all other cable 
designs which have become known 
internationally make direct or indirect 
use of the “excess-length principle.” It 
can be assumed that for the time being 
the advantages of the multifiber unit 
concept will remain unchallenged over a 
wide range of cable sizes. 


Jointing 


The only unsolved problems relating to 
the permanent connection of fibers, i.e. 
splicing, are the labor and equipment 
costs. While the splicing costs are not 
very important in the long-haul net- 
work, they are an order of magnitude 
too large for the subscriber line net- 
work. Technically the precision of the 
fibers and splices could be raised to the 
submicron range, so that the average 
value of the insertion loss of a fusion 
splice for single-mode fibers would lie at 
or less than 0.1 dB (additional effects 
increase this value somewhat in the case 
of graded-index fibers). The future will 
have to decide where the economic opti- 
mum lies: with automatic splicing - 
that is splices either produced singly 
in rapid sequence or simultaneously in 
multiples — or with the manual splice 
which can be assembled almost without 
equipment. Intensive development work 
on both methods is continuing. 


Technical and economic acceptance 


The technical and economic superior- 
ity of optical waveguides over electri- 
cal waveguides has been convincingly 
demonstrated by the millions of fiber- 
kilometers installed worldwide and the 
operational experience obtained with 
them. This economic advantage in the 
transmission of enormous quantities of 
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information over large distances forms 
the basis for the decision by all leading 
PTTs including the Deutsche Bundes- 
post to install only optical cables on new 
long-haul routes. The cables will employ 
single-mode fibers exclusively in the 
long-haul network and predominantly in 
the short-haul network, with a small 
proportion of graded-index fibers. 


The majority of these administrations 
are expected to equip the subscriber line 
network with single-mode fibers also. 
The reasons for this are the almost un- 
limited extensibility with regard to sys- 


tem equipment and the initially overesti- 
mated but now resolved problem of the 
precision of connecting elements. The 
chance of being able to produce inexpen- 
sive single-mode laser diodes is growing. 


A high priority development objective 
for the next few years is to make optical 
waveguide technology economically ac- 
ceptable for the subscriber line network. 
To this end there is still room for techni- 
cal innovation in fiber production, cable 
construction, jointing as well as in all 
passive and active components. This ap- 
plies in part both to product design and 


Broadband terminals connected to the public network — no longer utopia with broadband ISDN 
and optical waveguides 
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to the production processes. However, 
when considering broadband networks 
two facts must not be overlooked. On 
the one hand volume remains the main 
factor influencing a reduction in produc- 
tion costs; on the other, the cable cost 
component of a broadband subscriber 
line network is of minor importance 
compared to the equipment and installa- 
tion costs at the present time. 


Prospects for the near future 


With regard to attenuation and material 
dispersion (as already mentioned this 
determines the transmission band- 
width), silica glass optical waveguides 
are of great technological interest only 
in the optical wavelength range from 800 
to 1600 nm, due to the inherent charac- 
teristics of glass. Of the various types of 
optical waveguide, the single-mode fiber 
has by far the best transmission charac- 
teristics, but is already close to its physi- 
cal limits. Regarding the dispersion 
parameter, it appears to be possible to 
reduce the total dispersion of the fiber 
significantly below the level which is cur- 
rently determined by the characteristics 
of silica glass. This is effected in a large 
wavelength window (e.g. between 1300 
and 1550 nm) by special shaping of the 
refractive index profile. In these disper- 
sion-compensated or two-window fibers 
the material dispersion is largely com- 
pensated by the waveguide dispersion. 


However, it is more than questionable 
whether the considerable technical ef- 
fort and a perceptible increase in attenu- 
ation as a consequence of higher doping 
will be worthwhile in view of future im- 
proved lasers, whose substantially nar- 
rower emission bandwidth will largely 
eliminate the effect of material disper- 
sion. 


Optical waveguides with a plastic light- 
guiding element were and still are 
limited to applications for short dis- 
tances (up to about 100 m), due to their 
relatively high attenuation. They will 
establish a firm position for themselves 
in this area due to the ease with which 
they can be made up into assemblies. 
However, it will be necessary to reduce 
the cost of production, even for this 
limited market segment. 


The absorption bands of non-oxide 
glasses (e.g. heavy-metal fluorides) 
have no significance in the mid-infrared 
region around 2.5 um. If it becomes pos- 


SO 


> 


. 


Receiver module for optical communication 


sible to keep both the absorption losses 
resulting from impurities and the scat- 
tering losses (which decrease at A~*) 
sufficiently low, it will be possible 
to realize attenuations on the order of 
0.01 dB/km. Such glasses are extremely 
difficult to produce and both mechani- 
cally and chemically very sensitive. It 
is anticipated that at least ten years of 
development will be necessary before 
a technically and commercially viable 
product for long-haul transmission is 
available. On the other hand, the cost of 
regenerative repeaters is so low com- 
pared with other system components 
that it would not be sensible to wait for 
a completely new fiber having an even 
lower attenuation but almost certainly 
with inherent disadvantages. Such fibers 
are thus the concern of the late nineties 
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and will then at first be used for special 
applications only, e.g. in interconti- 
nental undersea cables. 


Status and future prospects 
of system and equipment technology 


Digital line equipment 


The introduction of digital technology in 
the field of telephone switching also 
made it necessary to interconnect these 
digital exchanges by means of digital 
trunks at all network levels. 


The constituents of transmission systems 
are the line equipment and the associ- 
ated digital multiplex equipment. Line 
transmission systems operating at up to 
565 Mbit/s are currently employed on 
coaxial and optical cables in the long- 
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haul network. Optical waveguide trans- 
mission systems have now become eco- 
nomically superior to transmission via 
coaxial cables and are now being rapidly 
developed in the direction of even great- 
er transmission capacities. The wave- 
length used at present is 1300 nm; in the 
near future a transition to 1550 nm will 
occur. This will result in a further in- 
crease in the regenerator section length. 


The cost-effectiveness of optical trans- 
mission technology compared with 
transmission On copper wires is a deci- 
sive advantage for the digitization of the 
local trunk network. Distances between 
the exchanges (up to about 20 km) can 
be bridged without regenerative repeat- 
ers. This permits system solutions which 
are simpler than those employed in the 
long-haul network. 


Systems for 34 and 140 Mbit/s are cur- 
rently in use; in urban networks a 
demand for even higher bit rates (e.g. 
565 Mbit/s) is emerging. When broad- 
band services are introduced into the 
local network, larger capacities than are 
usual nowadays will also be required, 
which can likewise be realized by means 
of systems with a transmission capacity 
of 565 Mbit/s. 


In the subscriber line network, the intro- 
duction of ISDN services calls for the 
digitization of the subscriber line. Two- 
wire copper lines operating at 144 kbit/s 
will be used initially in the narrowband 
ISDN (64 kbit/s). This bit rate permits 
the transmission of two information 
channels each of 64 kbit/s (B channels) 
as well as a signaling channel of 16 kbit/s 
(D channel). Suitable transmission 
equipment for use in the pilot projects is 
available. The equipment for the con- 
nection of ISDN compatible PABXs 
(2-Mbit/s connection) 1s currently being 
developed. 


When broadband services through to the 
user are introduced, particularly in the 
case of video services, optical cables 
must be laid in order to provide the 
necessary bandwidth. The equipment 
for the subscriber line network in a 


broadband ISDN is likewise currently 
being developed. The economical reali- 
zation of the subscriber line network 1s 
indispensable for the economically suc- 
cessful introduction of broadband ser- 
vices. For this reason, intensive develop- 
ment work is still necessary in this field, 
above all in the case of optoelectronic 
transducers, but also for the associated 
“high-speed” electronics. 


Multiplex technology 


As a result of the digitization of com- 
munication switching with the conse- 
quent digitization of the subscriber lines, 
there has been an increased use of pri- 
mary multiplex equipment (PCM30) with 
the associated signaling converters. The 
technology employed in the higher mul- 
tiplex levels must always keep up with 
the transmission capacity of the line 
equipment. As a result, there is now a 
complete series of equipments available 
for all hierarchy levels (at present up to 
565 Mbit/s) of the digital network. The 
development of equipments for higher 
bit rates is in progress. The trend 
towards a further reduction in volume, 
dissipation and costs is based on the 
development of ever “faster” semicon- 
ductor technologies. It is anticipated 
that CMOS technology will be usable up 
to 140 Mbit/s in a few years. Special 
analog-to-digital converters are avail- 
able for the various tasks involved in the 
transmission of sound and video signals 
in digital networks (sound, broadcast 
radio and video signals). The introduc- 
tion of broadband individual services 
(in particular video telephony) calls for 
the economical realization of analog-to- 
digital converters. 


Maintenance, protection switching, 
automatic network management 
in digital transmission systems 


The growing demands made by PTTs on 
the availability of transmission networks 
necessitate a further increase in equip- 
ment reliability as well as the introduc- 
tion of automatic, computer-controlled 
protection switching at the equipment, 


line and link levels. Some of the neces- 
sary fault detection and alarm display 
equipment and remote control systems 
are already available; the rest are being 
developed. The 140-Mbit/s level 1s 
emerging as the preferred level for pro- 
tection switching in the digital transmis- 
sion network and for network patching. 


Thanks to modern computer technol- 
ogy, protection switching and patching 
in the transmission network can be car- 
ried out under computer control. The 
PTTs are currently developing concepts 
for the control of their networks; 
depending on the size of the country, one 
or several hierarchy levels are being con- 
sidered for the computer control. It is 
probable that computer control will be 
introduced in several stages. Depending 
upon the operational experience ob- 
tained, the initially independent islands 
will then be combined to form a larger 
network structure. 


Outlook 


Driven both by the demand from the 
transmission network and the progress 
in technology, telecommunication trans- 
mission is experiencing continuous rapid 
development. An economical subscriber 
line network and expansion of the entire 
network capacity are prerequisites for 
the introduction of broadband services. 


Optical transmission technology will 
make further substantial advances both 
in existing hardware (fibers and cables 
as well as optoelectronic transducers) 
and with the introduction of optical 
heterodyne reception, as well as the 
integration of optical and electronic 
components. In the field of semiconduc- 
tor technology, developments in digital 
integrated circuits in the direction of 
higher speed and greater complexity will 
create the conditions for the economic 
introduction of broadband ISDN. As a 
result of advances in computer technol- 
ogy (both in the hardware and the soft- 
ware), the entire maintenance, protec- 
tion switching and network management 
will in future take place under computer 
control. 
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Present and Future Viarket 
for lelecommunication 
/ransmission Systems 


Information and communication are two 
of the basic necessities of human exis- 
tence. They are the prerequisites for 
coexistence in society and for the func- 
tioning of the economy. The worldwide 
interlinking of international trade calls 
for a variety of wide information streams 
around the globe. The technical and 
qualitative level obtained by the tele- 
communication transmission systems 
linking people throughout the world is 
now very high. A global network of 
communication transmission links is 
necessary for this purpose. More than 
600 million telephones, 1.6 million telex 
terminals and 5 million data terminals 
are installed worldwide, facilitating 
communication between people in all 
corners of the Earth. 


Dipl.-Ing. (FH) Gunther Fink, 
siemens AG, 

Transmission Systems, 
Dipl.-Ing. (FH) Werner Schubert 
Siemens AG, 

Communication Cables and 
Dipl.-Ing Edwin Wolf, 

Siemens AG, 

Transmission Systems, 
Munich 


Telecommunication transmission is now 
at the start of a new epoch. The ISDN, 
as an integrated communication net- 
work with which speech, text, pictures 
and data can be transmitted via a com- 
mon line, has now been internationally 
standardized. Thus, with microelectron- 
ics and “digital” communications, the 
stage has been set for a leap in innova- 
tion of a magnitude not previously seen. 
For telecommunication transmission this 
calls not only for the extension and fur- 
ther development of proven systems, 
but also for a qualitative “leap” aimed at 
producing a universally available total 
solution encompassing all forms of com- 
munication. 


Miscellaneous 


Telex and data 


Switching systems 


Long-distance network 


Local network 


Transmission systems 


Long-term mean values 


Fig. 1 Relative magnitude of telecommunication 
investments based on long-term mean values 
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The annual volume of investment in 
telecommunication networks worldwide 
is on the order of 100 billion DM. The 
division between the various areas of 
telecommunication can be seen in Fig. 1. 


Transition to digital networks 


The varied possible uses of modern tele- 
communication networks have been 
largely established using analog tech- 
nology. We are now experiencing a 
transition to digital networks on an ever 
increasing scale. While there is a simul- 
taneous increase in the new services 
offered, the impetus for this transition is 
the reduction in costs. 


Even in the area of analog exchanges, 
digital transmission technology is more 
economical and has a higher perfor- 
mance. Initital uncertainty in the philos- 
ophy for the changeover from “analog” 
to “digital” telecommunication net- 
works has now given place almost every- 
where to clear concepts. However, the 
changeover process is technically and 
chronologically different in each coun- 
try, depending on its history, network 
structure and requirements. 


In the USA, for instance, the 
changeover to digital technology started 
with the trunks between the local ex- 
changes. As the traffic demand 
increased the available balanced voice 
frequency (VF) cables were used for 
pulse-code modulated (PCM) signals. 
As well as saving the costs for new 
cables and their installation, these PCM 
systems provided five times as many 
links (pair gain = factor of 5) as in the 
case of pure VF use (Fig. 2). 


Compared to normal VF use, however, 
such digital systems have the disadvan- 
tage that additional outlay arises for 
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housing the repeaters necessary at inter- 
vals of 1.5 km, as well as for powering 
the repeaters and fault location in them. 


Meanwhile, rapid progress has been 
made in optical transmission systems. 
For this reason the transition from 
balanced VF local lines to “digital” local 
networks is being made in many coun- 
tries of the world using fiber-optic tech- 
nology. Together with digital exchanges, 
this results in a particularly economical 
solution. 


For this purpose, multimode fibers with 
graded index operating in the 850 mm 
range with light-emitting diode (LED) 
transmitters were (and are still being) 
installed in the initial phases of tran- 
sition. These systems, with a transmis- 
sion capacity limited to a maximum of 
140 Mbit/s and a range of 10 km, were 
the first steps taken by the still emerg- 
ing fiber-optic technology. Nowadays 
the use of the broadband and low-loss 
single-mode technology in conjunction 
with laser diodes as transmitters has 
almost acquired a dominant position in 
the local network as well. This will result 
not only in a replacement of the 
balanced PCM 24/30 systems, but will 
also make provision for the broadband 
future in the nineties. 


A similar development is taking place in 
the long-distance network where fiber- 
optic systems - in this case preferably 
single-mode systems — are being em- 
ployed in place of coaxial cable systems. 


Expanded “system intelligence” 


The use of software as “system intelli- 
gence” is gaining increasing importance 
in transmission systems. It will be used 
on a large scale in switching systems at 
the latest with the introduction of digital 
technology. 


The long-distance systems incorporate 
equipment for network supervision and 
fault localization and display. These 
facilities are supplemented by the auto- 
matic protection switching of defective 
lines or systems. These parts of the line 
equipment with their associated control 
circuits form the start and the basis for 
the system intelligence of future trans- 
mission networks. 


Whereas in the past the principal task of 
transmission engineering was considered 
to be “only” the provision of the hard- 
ware forming the transmission routes 
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Fig. 2 Comparison of the cost of local trunks 


Low pair-count 


High pair-count 
VF cable 
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PCM Pulse code modulation 


(new voice-frequency (VF) cable or PCM 30 on existing VF cables) 


and networks, in the future increasing 
importance will be attached to the 
aspects “network security” and “optimal 
network usage.” 


For the transmission engineer this opens 
up a new field of activity and a market 
segment, the full extent of which cannot 
yet be foreseen. 


Increased local manufacture 


The award of contracts to foreign sup- 
pliers in industrializing countries is in- 
creasingly coupled with the requirement 
to establish local manufacture. As well 
as creating jobs, this also results in a say- 
ing of valuable foreign currency. 


The setting up of local manufacture ne- 
cessitates intensive cooperation with the 
supplier and requires extensive transfer 
of know-how. This means: 


e training at the supplier’s facility, 


e assignment of personnel, 


e the preparation and handover of the 
manufacturing documentation for the 
product or parts of the product, 

e familiarization with the operation of 
and working with modern technologies, 
e advice regarding the most suitable 
manufacturing method for the country 
concerned, 


e the establishment of high-caliber 
quality and reliability controls. 


The subject “local manufacture” has al- 
ways been a special interest of Siemens, 
as witnessed by the numerous overseas 
manufacturing facilities (Fig.3). In the 
future, too, local manufacture, either in 
national production facilities with 
Siemens participation or by means of 
licensing agreements, will be promoted 
where the market economy dictates and 
where this is particularly requested by 
the customer. 


Telecommunication systems 
for major projects 


A well-functioning telecommunication 
network is an important prerequisite for 
the economic development of a country. 


The realization of a complete telecom- 
munication network, for instance as a 
turnkey project (Fig. 4), represents a 
considerable extension of the tasks to be 
performed by the supplier compared to 
a contract for the delivery of equipment. 


Advising the customer, network plan- 
ning, selection of equipment, financing, 
establishing the infrastructure, training, 
putting into service, logistics as well as 
repair and maintenance of the equip- 
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Fig.3 Local activities of Siemens Transmission Systems and Telecommunication Cables Divisions 


ment and the entire network require a 
large number of specialists experienced 
in the various fields. 


For the network operator the question 
of return on investment arises and thus 
also of adequate usage of the network, 
particularly in the initial phase. For the 
supplier, considerations such as estimat- 
ing the risk with insufficient knowledge 
of the conditions prevailing in the coun- 
try, chronological sequence and eco- 
nomic (long-term) stability acquire a 
new dimension. 


If one looks at the telecommunication 
infrastructure in the individual countries 
around the globe, it is not very difficult 
to see that a whole series of such major 
projects are waiting to be dealt with in 
the future. 


Future market 


The transition from analog to digital 
transmission networks was originally 
characterized by economic considera- 
tions relating to the telephone network. 
The basic rate of 64 kbit/s was designed 
for the telephone service common to the 
business world, government offices and 
private households. In the meantime, 
office communication with its double- 
digit growth rates and digital signal pro- 
cessing has rapidly gained importance. 
For this reason, the IDN (integrated 
digital network), which was originally 
designed solely for the transmission of 
digital voice signals, was so structured 
that data and other non-telephone ser- 
vices could be transmitted in this net- 
work in a uniform format (ISDN). 
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An important prerequisite for the high 
cost-effectiveness aimed at is the world- 
wide uniform definition of the user 
interfaces produced by CCITT (Table). 
On the one hand these guarantee open 
communication, and on the other the 
general usage of all “digital” subscriber- 
line, local and long-distance networks. 
The time-division multiplex hierarchy 
levels originally defined for telephony 
can thus be used for all present and sub- 
sequently conceivable narrow-band and 
broadband source signals in the ISDN. 


For the manufacturer of user equip- 
ment, the user interfaces establish clear 
standard interfaces to the public net- 
works and, as a consequence of their 
worldwide validity, facilitate production 
in large quantities and thus a favorable 
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Fig.4 Route layout (a) and chronological sequence (b) of the turnkey project undertaken by Siemens in the Sultanate of Oman 


price structure. Due to the possibility of. 


univeral use for all services, a high 
rationalization effect likewise results for 
the suppliers and operators of public 
networks. 

The CCITT has additionally recom- 
mended a maintenance philosophy both 
for the ISDN user access and for inter- 
national links. This has led to an im- 
provement in the standardization with 
regard to supervision and maintenance. 
The majority of the necessary transmis- 
sion capacity will be provided by fiber- 
optic systems in the future. Increased 
(co-)installation of spare ducts will per- 
mit the rapid and economical establish- 
ment of fiber-optic links adapted to re- 
quirements. The importance of digital 
radio relay will not diminish, particular- 
ly in such areas where the infrastructure 
already exists and the rapid establish- 
ment of a link or multimedia operation 
(radio and cable) is required. 

Satellite links will retain their high value 
for the rapid, wide-area coverage of 
countries and regions for data networks, 
sound and TV, as well as for thin inter- 
national TDMA-bundles and domestic 
applications. 
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The above assertion, that the impor- 
tance of optical cable systems will grow 
significantly, will be investigated in de- 
tail in the following, particularly with 
regard to the cost-effectiveness of these 
systems. For this purpose the efficiency of 
coaxial and fiber-optic technologies will 
first be compared on the basis of the 
term “transport capacity,” 1.e. the prod- 
uct of the transmission capacity (e.g. in 
Mbit/s) and repeater spacing (e.g. in 
km). This can be expressed alternatively 
as: what volume of information can be 
transported by a system per repeater 
over what distance. In order to include 
analog systems in this comparison, an 
analog channel (4 kHz) was considered 


Fig. 5 shows that multimode fiber-optic 
systems with LEDs, digital and analog 
coaxial systems exhibit about the same 
value for transport capacity. The linear 
characteristic of fiber-optic systems is 
very apparent. In contrast, coaxial sys- 
tems exhibit a flattening and thus a limit- 
ing in the direction of larger capacities. 


Single-mode fiber-optic systems exhibit 
a linear rise over the entire presently- 
used capacity range and thus have a 
“transport capacity” which is a factor of 
100 (and more) above that of coaxial 
and (multimode) fiber-optic systems. 
For this reason, such transmission sys- 
tems represent a considerably more 
economical solution than all transmis- 


Signaling, but also packet-switched data services 

Telephony, but also for transmitting data, text, facsimile 
Sound programs, but also for video telephone (n - 384 kbit/s) 
Video telephone, high-speed data, leased circuits 


equivalent to 64 kbit/s. 
User Bit rate Chiefly used for 
interface 
D 16 kbit/s 
B 64 kbit/s 
HO 384 kbit/s 
H12 1920 kbit/s 
H2 = 34 Mbit/s Moving images 
H4 = 138 Mbit/s 


Table ISDN user interfaces defined by the CCITT 


High quality moving images 
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sion technologies employed in the past, 
and this is only the introductory phase of 
single-mode fiber-optic technology. 


The reduction in costs resulting from the 
use of optical systems will be considered 
in detail in the following. The effects 
resulting from the digitization of the 
exchanges must also be included in this 
cost-effectiveness comparison. 


The following common values were 
assumed for the calculation of the route 
models: 


e route length: 100 km, 

e cable 

o with 12 tubes in coaxial systems, 

o with 12 fibers in fiber-optic systems, 


e installation costs for fiber-optic sys- 
tems (75% of costs for coaxial systems). 


These values correspond to current 
international averages and were main- 
tained constant, unless otherwise men- 
tioned. To permit a simple comparison, 
recourse was made in the considerations 
to the previously used unit “voice chan- 
nel” or “voice channel kilometer,” i.e. a 
64 kbit/s channel was equated to a 
“voice channel.” 
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AE VF 140 Mbit/s ag hd 


Coaxial 
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km km 


b = _ ae | §)' qeaennennanetn Menno ea re 
565 Mbit/s -_ 33 km —= 
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Fig.5 ‘Transport capacity” of single- and multimode fiber-optic systems 
as well as digital and analog coaxial systems 
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Fig. 6 Fiber-optic and coaxial system models for the transition to completely digital fiber-optic systems 


a Model 1 b Model 2 


c Model3 


Model 2A (One DE, one AE), 
model 2B (DE at both ends) 
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Fig. 6 depicts three models of coaxial 
and fiber-optic systems, representing the 
transition to the fully digital fiber-optic 
network. 


The result of the cost comparison of 
these models is shown in Fig. 7. The left- 
hand column shows the basic outlay for 
multiplex equipment in the two terminal 
stations. The costs for line terminating 
units, repeaters, cable and installation 
were assigned to the route. The pro- 
nounced flattening of the route costs in 
the case of fiber-optic systems and the 
effect of digital exchanges on the cost 
reduction in the case of multiplex equip- 
ment are very noticeable. 


Whereas with these cost estimates the 
cable costs for coaxial systems lie at 
about the same level as the installation 
costs, the ratio for fiber-optic systems is 
about 1:3. However, the installation 
costs differ in the various countries and 
are dependent upon the geological con- 
ditions. For this reason differences may 
well occur between individual costings. 
The savings in installation costs by the 
use of spare ducts and the effect of 
the multiple use of fibers, e.g. by wave- 
length-division multiplexing, have 
likewise not been taken into account. 


In summary it can be said that even in 
comparison to the 140-Mbit/s coaxial 
system which transports about 2000 
“channels” (of 64 kbit/s each) the pres- 
ently available fiber-optic technology 
already halves the cost of transmission 
routes between analog exchanges. With 
digital exchanges at both ends of the 
route, a further cost reduction by a fac- 
tor of 3 occurs, so that the route costs 
per “channel” reduce by a factor of 6. 


Model 3 (Fig. 6c) is intended to provide | 


a view into the more distant “broad- 
band” future. With the assumptions 
made there, the costs per 64 kbit/s chan- 
nel amount to only 5% of those for the 
140-Mbit/s coaxial systems, which leads 
to the conclusion that in ten years time a 
“digital” 2-Mbit/s channel will not cost 
more than an “analog” 4-kHz channel at 
the beginning of the seventies. This can 
be viewed as a positive technical and 
economic contribution by telecommuni- 
cation transmission systems to the many 
new communication services to be of- 
fered in the future. 


14 


Karl-Heinz Grajes and Martin Schmidtke 


Manutacturing 


Transmission Systems 
for the World Market 


There are three major parameters which 
play a crucial role in the success or fail- 
ure of a product on the world market 
and which are affected to a large extent 
by the manufacturing process; these are 


e quality, 
e delivery dependability and 
e product costs. 


This article describes how Siemens is 
responding to this triple challenge at its 
Berlin Transmission Systems Plant. It 
deals in particular with the various 
strategies and approaches adopted in 
material procurement, the manufacture 
of parts and coils, the manufacture of 
subassemblies (assembly, testing and 
logistics) and quality assurance. 


With over 2600 employees, the Trans- 
mission Systems Plant (Fig.1) is the 
largest Siemens factory in Berlin. The 
production range covers the entire spec- 
trum of transmission equipment, with 
chief emphasis on 


e pulse code modulation (PCM) 
systems, 


e multiplex equipment handling up to 
565 Mbit/s and 


Ing. (grad.) Karl-Heinz Grajes and 
Dr. rer. nat. Martin Schmidtke, 
Siemens AG, 

Transmission Systems, 

Berlin 


e line equipment for coaxial cables and 
also especially for optical waveguide 
links. 


Transmission systems are characterized 
by a very wide range of products, some 
of which are manufactured only in small 
quantities. 


The changeover from analog to digital 
technology on the one hand and from 
coaxial to optical cables on the other has 
led to a large increase in the number of 
marketable products. 


Consequently, the plant must be capable 
of manufacturing around 3500 different 
products. This involves inserting more 
than one hundred million components in 
more than one million printed circuit 
boards (PCB) each year, which means 
that one subassembly — the most impor- 
tant system component alongside system 
insets and racks — is completed every 
eight seconds. 


Material procurement 


In view of the sheer volume and diver- 
sity of equipment to be manufactured, 
there is no doubt that the material sector 
— and in particular material procurement 
—is a key factor affecting quality and the 
ability to deliver products. An addi- 
tional factor with modern digital equip- 
ment is that as the number of manufac- 
turing hours decreases relative to the 
material content, the economic impor- 
tance of material procurement increases 
correspondingly. 


In order for the production process to be 
supplied with material of the right qual- 
ity in the right quantity and at the right 
time, material requirements have to be 
planned from customer orders with the 
aid of the production planning data base 
down to the individual component level. 
Calculating (secondary) requirements in 
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Fig.1 The Transmission Systems Plant in Berlin 


this way is part of the overall logistics 
program for the supply and control of 
the manufacturing process, and is per- 
formed by the Order Processing Center 
at the plant with the help of a com- 
prehensive production planning and 
control (PPC) system. To accomplish 
this task, an interactive communication 
system which connects the various 
departments involved, such as Sales, 
Development, Purchasing, Planning, 
Manufacture, Cost Accounting, Stores 
and Shipping, is available and is used at 
the planning, the execution and the pro- 
cess levels. 


To guarantee the quality of purchased 
parts, particularly that of active and pas- 
sive components, the development 
department cooperates with the various 
Siemens Component Qualification de- 
partments to qualify and approve 
suitable suppliers worldwide. Siemens 
always works with approved suppliers 
whose manufacturing and quality assur- 
ance systems are subjected to quality 
audits. The goods supplied are checked 
in Receiving Inspection using statistical 
quality control methods and on the basis 
of purchase specifications. The intensity 
of this inspection may vary greatly, 
depending on the product and the sup- 
plier. 


The relevant criteria are stipulated in 
the sampling plans which are generated 


ee ee 
| opener 
ose 2 03888 " 
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automatically with the aid of a computer 
and which feature variable inspection 
levels based on the quality of previous 
deliveries (“automatic control of inspec- 
tion tightness”). The results of these 
inspections are fed into internal supplier 
assessment files. Suppliers are informed 
at regular intervals of their quality 
status. Manufacturers who have been 
supplying satisfactory quality over a long 
period of time are offered long-term 
cooperation contracts (“ship to stock” 
contracts), the purpose of which is to 
have quality assurance performed at the 
most cost-effective location. 


In addition to the quality aspects already 
mentioned, the supplier assessment pro- 
duced in Receiving Inspection also cov- 
ers the supplier’s ability to meet dead- 
lines. This information can be used to 
send out reminders automatically and to 
exclude unreliable suppliers from fur- 
ther consideration. If necessary, addi- 
tional protection can be provided 
against delayed delivery by qualifying 
“second-source” suppliers, thereby 
guaranteeing supplies to the plant. As in 
the case of the quality agreements, long- 
term skeleton contracts can be offered 
to certain suppliers as a means of 
negotiating better prices. The proce- 
dures described above for purchasing 
parts and components are generally pre- 
ceded by a decision process in which 
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Siemens opts either for purchases from 
outside suppliers or for in-house man- 
ufacture on the basis of quality, cost- 
effectiveness and deadlines. 


A range of parts and components, such 
as quartz crystals, coils and mechanical 
parts, is manufactured in-house in 
accordance with the same criteria. 


Parts manufacture 


Computer-controlled “flexible manufac- 
turing systems” (FMS) ensure that 
mechanical parts are produced economi- 
cally and to a very high standard of 
quality. 


The production department is equipped 
with the latest CNC (computer numeri- 
cal control) machines. These include 
lathes, machining centers for drilling 
and milling with automatic change of 
tool and workpiece, and punch presses 
(Fig.2). Thanks to their flexibility and 
the fact that various process stages can 
be linked together, these manufacturing 
systems make even small production 
runs an economic proposition. 


The use of CAD methods (computer- 
aided design) to design sheet metal parts 
was started several years ago. Today, in 
the context of CIM (computer-inte- 
grated manufacturing), the CAD data 
from the development stage are trans- 
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ferred to interactive graphic worksta- 
tions and converted into NC (numerical 
control) programs tailored to the avail- 
able machines. An expanded version of 
this CAD system, capable of handling 
three-dimensional parts, is currently 
undergoing testing. 


Coil manufacture 
(ferrite pot-core coils) 


PNA Cae = easy A further linked FMS with an annual 

SS Eb ie | ( capacity of more than 1.5 million pieces 
has been set up to assemble and test 
coils and transformers of various designs 
and dimensions (Fig. 3). 


This system, which requires minimal 
supervision, ensures constant high man- 
ufacturing and product quality along the 
entire process chain — winding, assem- 
bly, adjustment, testing and packaging. 
Small batches can be manufactured and 


AN 


re 
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SW _ tested with minimum setup times and in 
Sal half the lead time traditionally required 
for manual production. 
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The coil winding itself is manufactured 
on program-controlled multispindle 
winding machines which are linked to 
Fig. 2 CNC punch press for sheet metal parts wrapping, fluxing and soldering stations. 


Assembly of RM coils 
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Fig.3 Automatic assembly machine as an example of a flexible manufacturing system for coil production, 
developed and built by the Tool and Machine Plant in Berlin 
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The coils are fully assembled by a com- 
puter-controlled automatic assembly 
line consisting of four assembly cells 
which are interconnected by a linear 
transport system. Modular handling sys- 
tems, hinged-arm robots and a freely 
programmable labeling system are inte- 
grated in this arrangement. The coils are 
transported within the FMS on coded 
carriers, which means that the manufac- 
turing process need not be based on any 
one design and that process feedback 
can be performed automatically. In a 
subsequent automatic robot-operated 
test center the assembled and cured coils 
are adjusted as necessary, checked for 
dielectric strength, inductance and turns 
ratio, marked as pass or reject, sorted 
and packed. A master computer coupled 
to the cell computers is used to control 
the flexible linked cells. 


Subassembly manufacture 


SPREE (system for producing electronic 
equipment) 

In the Transmission Systems Plant, 
efforts to implement CIM are focused 


on the assembly of modules (assem- 
bled PCBs). On the hardware side the 


~e 


Fig.4 Component-insertion machine 


SPREE system and on the software side 
the CORA DP procedure, which will be 
described later in this article, have been 
introduced on a large scale. 


In marked contrast to earlier “classic” 
automation projects, SPREE was de- 
vised to enable a great many variants to 
be manufactured economically at high 
quality in very small quantities (even 
“batch size 1”) with a lead time of one 
day. This has been achieved by 


e automatic insertion of axial (Fig.4a), 
radial and dual in-line package (DIP) 
components (Fig.4b) with integrated 
insertion control, and the use of auto- 
matic surface-mounted device (SMD) 
pick and place machines, flexible han- 
dling equipment and CNC-controlled 
manual insertion workstations, 

@ just-in-time supply of components, 
mechanical parts and PCBs (see 
CORA); 

e flexible test equipment and test cells 
with a test concept designed to give 
minimal setup times; 

e a flexible transport system and 

e computer control of the entire manu- 
facturing process at the operational level 
and at the planning level. 


a For axial components, with an integrated sequencer for 160 different components 


Foreground: PCB magazine 
b For dual in-line components 
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Initial experience with SPREE has 
confirmed expectations. The principal 
benefits are: 


e Minimal setup times and downtimes 
have led to very short lead times and 
hence a minimal work-in-process inven- 
tory. 

e With an order-based production con- 
cept, these short lead times also result in 
fast reactions to customer requirements. 


e The new order control method being 
used, in which all the modules of a pri- 
mary item are manufactured as required 
by the product structure, means that 
intermediate storage of completed 
subassemblies is eliminated. 


e Automatic pick-and-place machines 
with verification and insertion checks 
prevent incorrect assembly, which in 
turn eliminates time-consuming and 
costly troubleshooting and rework, and 
the associated reduction in reliability. 


Test centers 


As early as 1982 a fully-automatic, 
robot-aided linked test center (Fig.5) 
was used for testing large batches of a 
few product variants [1]. For complete 
integration into the SPREE system, a 
new test system had to be developed 


Foreground: integrated loading and unloading station which can be served by automatic guided vehicles; developed and built by Siemens 
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Fig.5 Fully automatic, linked robot-aided test center, developed 


and built in the Transmission Systems Plant 
Foreground: robot for an in-circuit tester 


Background: robot for three automatic function testers 


Right: the Siemens SIMACOM® transport system 


which was capable of testing small 
batches of a great many _ variants 
economically. Such a test center (Fig.6) 
consists of four easily exchangeable 
automatic test station modules which a 
single operator can control, supported 
by a handling system (industrial robots, 
conveyor systems and peripheral equip- 
ment) and a control computer with cen- 
tral storage. Each test station module 
contains a test computer, programmable 
test equipment for electrical testing, a 
switching matrix and a pneumatically 
controlled test adapter which estab- 
lishes electrical contact with PCBs of 
various formats. Test programs are com- 
piled from a range of structural elements 
in a fraction of the normal preparation 
time by means of a dialog on the screen 
of a remote programming terminal and 
then stored at a central location. The 
coded PCBs (bar code) are first iden- 
tified by the automatic tester; this trig- 
gers a semiautomatic setup process in 
which the test program is loaded and the 
test adapter is adjusted to the relevant 
PCB format. The operator then has to 
fit the right adapter parts to suit the item 
under test after prompts on the screen. 
This procedure greatly reduces the setup 
time. Once this preparatory work has 
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Fig.6 Robot-aided test center with four test modules, developed 


and built in the Transmission Systems Plant 


been completed, test items are made 
available by the transport system inte- 
grated in SPREE. Items not requiring 
adjustment are handled and tested fully 
automatically; those needing adjustment 
require intervention by the operator. 
Tests are currently being carried out 
with the objective of automating simple 
adjustment processes. 


CORA (CIM-oriented assembly of modules) 


The wide variety of products and the 
accelerating pace of innovation call for a 
comprehensive flow of data between the 
Sales, Development and Production 
departments. This arrangement of the 
information flow in the context of CIM 
provides the crucial springboard for cur- 
rent and future rationalization schemes, 
and it is for this reason that the CORA 
procedure now being implemented has a 
key role to play. CORA, a project han- 
dled by the Telecommunication Net- 
works and Security Systems Group, has 
been installed in the Transmission Sys- 
tems Plant in Berlin where, in its pilot 
application, it is supplying the SPREE 
flexible manufacturing system with tech- 
nical data. 


For years it has been standard practice 
in the Development department to use 


CAD systems to design modules. This 
has meant that the data relating to all 
the electrical components, their geomet- 
rical dimensions, their coordinates on 
the PCBs and the relevant through holes 
— data needed for subsequent manufac- 
turing — have been stored in the com- 
puter during development. One of the 
central functions of CORA is to utilize 
these technical data in the CAD/CAM 
chain (computer-aided design/com- 
puter-aided manufacturing). The 
SPREE manufacturing system consists 
of a large number of workstations 
through which a module passes during 
the production process. The function of 
CORA here is to supply the process 
computers of the automatic and semi- 
automatic machines with numerical con- 
trol (NC) data and the complementary 
manual assembly stations with assembly 
instructions (on-screen information). In 
addition, CORA keeps the process level 
informed of the sequence in which the 
workstations have to be served by the 
flexible transport system. At the end of 
the insertion process, CORA must also 
supply the test and quality assurance 
departments with data. 

The second central function of CORA is 
to link the planning data with the logis- 
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tics system for supplying the manufac- 
turing system with components. Since 
CORA contains the information con- 
cerning which components are needed at 
which workstations, the logistics system 
is notified of which types and quantities 
of components to make available in each 
case. In order to perform this function, 
CORA operates with two data bases, 
one of which contains the basic planning 
data and the other the basic manufactur- 
ing data. 


Quality assurance 


The inspections performed in_ the 
Receiving Inspection department and 
during subassembly manufacture have 
already been discussed. It goes without 
saying that suitable tests and inspections 
cover all production steps and processes. 
Given the complexity of communication 
equipment, investment in testing and 
inspection is considerable: 25% of all 
employees are engaged in quality assur- 
ance at the plant and work in accordance 
with the principles laid down in the 
Quality Assurance Manual of the Tele- 
communication Networks and Security 
Systems Group. The groundwork for the 
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tests and inspections is performed in the 
Test Procedures department which is 
responsible for planning the tests, defin- 
ing the test procedures and, unless avail- 
able on the open market, for designing 
and producing special test equipment. 


The tests and inspections do not relate 
exclusively to products but to the proce- 
dures and processes used in manufac- 
ture. Consequently, the role of in-pro- 
cess quality assurance in subassembly 
manufacture is not only to check test 
items for conformance with manufactur- 
ing documents, but also to contribute 
toward process control and toward 
reduced lead times. In PCB manufac- 
ture this involves, among other things, 
monitoring the Cartesian robot which 
distributes parts into kits (Fig.7) [2], the 
component-insertion machines and the 
soldering and verification machines. The 
test results obtained in the process are 
used as quality feedback for optimizing 
the insertion and soldering processes. 


Equipment which has to meet extremely 
stringent requirements in terms of reli- 
ability, such as regenerative repeaters 
for very high bit rates, is subjected to 
dynamic pretreatment (“burn in”) to 


Fig.7 Cartesian robot for automatically distributing parts into kits, developed 
and built by Siemens in the Tool and Machine Plant in Berlin 
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accelerate any latent early failures. Con- 
tinuous monitoring of the principal 
equipment parameters during burn-in 
enables failure times to be determined, 
and the resulting pattern is used to 
optimize the pretreatment process. 


All the test results and the quality data 
obtained during manufacture and field 
use are entered in a quality data base 
which forms the basis for regular quality 
reporting. For this purpose, the data are 
compressed in a form suitable for use in 
the plant or in the development depart- 
ment, evaluated and, if necessary, con- 
verted into corrective action. 


The effectiveness of the quality assur- 
ance system, which covers every aspect 
of the plant, is regularly checked by 
means of quality audits carried out by 
internal departments and also by central 
quality assurance departments within 
the division. 


Outlook 


The factory of the future with linked, 
computer-controlled (1.e. flexible) man- 
ufacturing systems is already in the 
implementation phase. The necessary 
components, such as CNC machines, 
robots, automatic test equipment, trans- 
port systems and computers, are avail- 
able either from the market or from our 
own design departments. However, 
there are still two important tasks to be 
performed in the near future: 


e establish a comprehensive flow of 
data between all the different areas of 
the company in order to reduce informa- 
tion and planning costs and accelerate 
throughput and — more importantly 


e design new products so that all the 
possibilities of CIM can be fully utilized. 
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Introduction 


Johann Fuller and Gunther Weis 


Installation Structures 
for Transmission Equioment 
and Systems 


Vertical style 7R construction system was 
developed largely by Siemens and, 
although introduced at the end of the 
sixties, it has still not become obsolete [1]. 
Now as then it meets in an optimal way all 
the demands placed on an up-to-date and 
universally applicable mounting system. 
It has proved its worth over many years, 
not only with the Deutsche Bundespost 
but also with other PTTs. This mounting 
system forms the basis for the mechani- 
cal design of modern telecommunication 
transmission systems employing radio 
relay and satellite links [2], as well as 
line transmission systems using copper 
and fiber-optic cables. 


In combination with standardized sys- 
tem structural components, the con- 
struction of stations can be carried out 
with minimum installation work and 
without difficulty. Modified mechanical 
designs meet the requirements for 
mobile application, and with housing in 
underground containers as well as in 
cabins and shelters. 


Dipl.-Ing. (FH) Johann Fuller and 
Dipl.-Ing. (FH) Gunther Weis, 
Siemens AG, 

Transmission Systems, 

Munich 


20 


- 

Re %y 
ER 
te 
sis 
Re , 
5p 

nN te; ~ 

Bs a . 

28 2 eS 

ane, Dal 

iy} ‘ wes 

ae es 

iy was, 

Mt wy 

bn DY sd 

ex RS 4 

> BG 
et gh ba @ 
Nj +3 


Pe 
aac: 
a ts 


> St Fa en Kee SES S 
SOE 


mission 
equipment 


y, 
, 


YU 
K 


ry a 
= : r — Pert va AS * 7 SxTy-ETy a J, ea ao ~axoo men 
<5 by eS sa Tg Sette Ieee ry ees Shy aetee hs 
us 98s SOP 8 md Nopenlt <5 pes four OW aT a Sah Hot old Wa tes eS AM Ev NO eS a) as 
Pe Fon LG. Cee eat tS eee Pe Oa Be ToS 9 oad Cea tet Rag Og ONE s ete be ae PAM I 
Bs 


A 


hon 
Os, 
<i> - 
VE 
<> . 
peg oh : ’ 
Shee 
Fast ee ~ en > 
> 
eee ~S X . 
gt : er te 
NSE : S re 
ZZ = . is 
— . : id 
. = q , 
a — y 
SSX ii ae rte 
fn 
G ' +, 
> = 4. 
K = ty 
f . A 
: : a sé 
r 
rN 
s \ _ BE 
4 _ oO) « 
S49 "\ J 
er a4; 2 GP J 
24 ' 5 
4 Ah : j Spat 
{ shh 
t RP STP ph re ot ae 
yu 4 are. is aes eo —_ Wey 35 
‘ . FP TO s Gos 3 
Ral = ce LD, —— ES re A : : 
Bes: > UL Ae L t 
‘ > | __ JE Si ine terminating 
se | ZR ee SEES . 


Main distri- 
bution frame 


y 


V 
(\ 
BABEL) y 


YA \\ 

ai 
\ AX 
\\s 
¥ 


y, 


Se SS SSS SS — f 


VAAL 


inset (coaxial) 


Fiber-optic cable 
terminal rack 


Line termi- 
nating inset 
for optical 
HL | Waveguides 
Ji Multiplex 


aS insets 
Re eS Se Pe ae 
S PY : 7 RD. oh pa 
Mf a NESS = ’ 
Ne iS SAK Equipment side 
"oh Be LYS 
Ds < “i Rack rows 
i i 
Station |)? Bs em 
calding f> 5 Al Ventilation and 
fender pedestal 
> R Di “4 < + ~ 
= istributor side 
Cable terminating 71 4 
equipment room | | Coaxial cable 
‘ihe Subscriber or 
Balanced line Sleeve Fiber-optic cable junction cable 


~~ Fiber-optic cable Subscriber/junction cable 
Coaxial cable ~——. Station cable 


Fig.1 Arrangement of the systems and equipments in the style 7R construction system 
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Characteristic design features of style 7R 
construction systems are on the one hand 
the vertical, space-saving arrangement of 
the systems and equipments in narrow 
racks, and on the other the varied possible 
combinations of the individual equipment 
insets. The 2.6 m high racks can be 
arranged in rows of any length. They can 
be joined together below a planar cable 
shelf either as single rows or back-to-back 
as double rows (Figs. 1). As supplied, the 
racks are prepared for housing plug-in 
and permanently installed insets. The 
insets are available in various heights and 
designs. They are equipped with plug-in 
units — the smallest unit in this mounting 
style — or with modules which are per- 
manently installed and hardwired in the 
inset. 


Installation structure 
in telecommunication stations 


A typical installation structure in a 
Deutsche Bundespost telecommunica- 
tion station (Fig. 1) is to have the re- 
peater facilities (transmission equipment 
room) arranged between the rooms for 
the switching equipment and the room 
for the cable terminating equipment. 
Connecting cables running via_ the 
adjoining installation chamber provide 
the functional links between the rooms. 


All incoming balanced copper cables are 
terminated in cable terminal racks in the 
cable terminating equipment room. The 
long-haul coaxial and fiber-optic cables 
are also terminated in this room. They 
are split up in sleeves and fed to the 
transmission equipment room. Whereas 
the coaxial distribution cables are con- 
nected directly to the line terminating 
insets of the transmission equipment, 
special terminating racks are interposed 
for fiber-optic cables. These racks per- 
mit the individual optical fibers to be 
split by means of connectors. 


Following the line terminating insets are 
hierarchically structured digital signal 
multiplex systems. They are located in 
the rack rows in such a way that short 
paths for the cabling between the racks 
and to the switching equipment result. 
The go and return lines from there to the 
subscribers or to other exchanges leave 
the building via cable terminating equip- 
ment in the basement. The main dis- 
tribution frame is interposed in the case 
of subscriber lines to permit flexible 
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Fig.2 Deutsche Bundespost repeater station implemented in the style 7R construction system 


assignment of the switching equipment 
to the subscribers by means of cross- 
connection cables. 


In the case of the transmission equip- 
ment, the system racks can likewise be 
flexibly connected via the distribution 
racks which are arranged decentrally at 
the rear. At the 2-Mbit/s level this func- 
tion in large telecommunication offices 
will in future be performed by a central 
distribution frame. The central arrange- 
ment offers advantages for the laying of 
the large number of 2-Mbit/s trunks 
between the transmission and switching 
equipments. 


Stations 


Fig. 2 gives an impression of an imple- 
mented modern station (repeater station 
of the Deutsche Bundespost). 
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Basic equipment 


All components comprising the basic 
equipment are installed in toto. This 
includes the planar cable shelf, the ven- 
tilation ducts arranged at the spacing of 
the rack rows, the end panels for the rack 
rows, as well as the equipment necessary 
for fault and interference signal alarms 
and power distribution. All preparations 
have then been made for continuing the 
equipping of the rack rows with transmis- 
sion system and distribution racks. This 
generally takes place in steps to suit the 
demand. Several years frequently pass 
before equipping is complete. With the 
present short innovation times, this 
means that new developments will be 
used which were not included in the 
original plan. For this reason, the cables 
to be connected cannot be installed in 
advance like the basic equipment, but 
only when the systems are installed. 
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or ventilation pedestal with a usable room height 
of 3400 mm 
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Fig.3 Installation relationships 
in the style 7R construction system 


Rack row structure 


The rack rows are formed by racks 
arranged back-to-back on ventilation 
ducts in parallel with the long wall of the. 
room and spaced 2500 mm between cen- 
ters. If one deducts the rack depth of 
450 mm (or 520 mm in the case of pro- 
truding cooling fins or controls) in ac- 
cordance with the CCITT recommenda- 
tion [3], there remains a free width be- 
tween the rack rows of 2050 or 1980 mm, 
respectively. With protruding ventilation 
and fender pedestals (Fig. 1) which de- 
flect the input airstream upward into the 
room and act as a fender for instrument 
carts, this dimension reduces at floor 
level to 1480 or 1410 mm, respectively. 
There is thus sufficient space for operat- 
ing personnel and the test equipment, as 


ZZ 


well as a sufficient volume of air for heat 
extraction. For cooling purposes, the 
input air is blown in at a temperature of 
= 18°C via the ventilation ducts and the 
ventilation and fender pedestals. The 
air-conditioning systems are designed 
for the extraction via exhaust air ducts 
under the ceiling of a dissipation per 
rack row side of 850 W/m = 100 W per 
7R rack while meeting the requirements 
of climatic model R12 (Deutsche Bun- 
despost guideline). 


Power receptacles (220 V ac), switches 
for room lighting and visual indicators 
for fault and interference alarms are 
integrated into the end panels. In the 
adjacent supplementary rack are located 
further alarm signaling modules togeth- 
er with other central facilities. The op- 
posite end of the rack row starts with the 
power distribution racks. 


Rack rows with a length of more than 
12 m are fed in sections. The previously 
described units are then combined as 
“central feeding units” at the start of 
each section. 


Floor load 


The floor of a station is loaded in accord- 
ance with the arrangement of the racks. 
A 7R rack including the proportion of 
the weight of the cable shelf above and 
the connecting cables has a maximum 
weight of 125 kg, the weight of the fully 
equipped rack being about 90 kg. This 
results in the vicinity of the bottom rail 
(area 121.2 mm X 40 mm) in a surface 
pressure of 25 N/cm’. With racks arrang- 
ed back-to-back, the weight per meter 
of rack row is 2000 kg maximum. This 
corresponds to a floor loading of 8 KN/m* 
with a rack row spacing of 2.5 m, which 
is well within the surface load limits of 
most PTTs (e.g. the Deutsche Bundes- 


post). 


Standard planar cable shelf 


The basic design of the planar cable 
shelf is intended for universal applica- 
tion. It is independent of the design of 
the racks below it and of the room 
geometry. Aluminum sections are 
linked together modularly by means of 
clamps to form a grid of high load-bear- 
ing capacity and low intrinsic weight as 
the supporting surface for the cables. 
The planar cable shelf is supported by 
the rack rows, the walls and pillars, as 


Planar cable shelf Station cabling 


Cx <> Rack cabling 
) with connectors 
i for terminal plate 


- Mount 


Aluminium bars 


Pedestal with 
height adjuster 


Fig.4 Design of racks in the style 7R 
construction system 


well as by hangers from the ceiling. 
Access apertures free of cables serve 
simultaneously as passages for the warm 
air flowing to the exhaust air ducts. 
Luminaires suspended below the planar 
cable shelf provide room lighting. 
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Station cabling 
Connector panel 


Fig.5 Design of equipment inset 7R2 


Installation is simple and time-saving. 
The planar cable shelf can be adapted to 
the shape of any room by cutting the alu- 
minum sections, which are supplied in 
standard lengths. 


In addition to its mechanical function, 
the planar cable shelf is used for electri- 
cal purposes. Due to its very low resist- 
ance, it is used as a conductor for the 
functional protection earth (FPE). 


Height above the floor 


The height of the planar cable shelf 
above the floor depends upon the 
“usable room height” provided for the 
transmission equipment and the height 
of the racks beneath the shelf. 


For 2.6 m high racks, the Deutsche Bun- 
despost defines usable room heights of 
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3400 and 2900 mm. While at 3400 mm 
the planar cable shelf is arranged at 
height of 2800 mm above the floor, the 
usable room height of 2900 mm necessi- 
tates a lowering of the shelf to 2645 mm 
(Fig. 3). The remaining height above the 
cable shelf is in all cases adequate for 
laying the station cables. 


The style 7R construction system is not 
restricted to standardized rack heights of 
2.6 m. This advantage is used, for inst- 
ance, in shelters, cabins and under- 
ground containers, all of which require 
racks of reduced height. 


Racks 


The racks for mounting the systems 
and equipments consist principally of 
two aluminum rails of L cross section 
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(Fig.4). They incorporate holes for 
mounting the inset housings, connectors 
and other necessary devices. All racks 
have a height adjustment facility to com- 
pensate for unevenness of the floor. The 
bottom rail can be set directly on the 
floor or over the ventilation ducts. The 
station cables, which are mostly fed 
from above, and the rack cables, with 
connectors for the terminal plate or con- 
nector panel, are laid in the space spe- 
cially provided at the rear of the rack. 


Plug-in units 


Plug-in units constitute electrical and 
mechanical functional units. They are 
slid into equipment insets in guide rails 
and connected to the inset wiring by 
means of connectors arranged at the 
rear. The guiding function is performed 


a3 


Introduction 


Terminal 


Aes sa i al 


a 
a: 


_—__ 
ay 
a 


Flexible 
printed 
wiring 


~ ao 
ie 
Ny 


tee 
S csienieall 


Rear 
PC board 


Ps 


Connectors 


Inset 


Cover 


Frame 


Fiber-optic connector 
per DIN 47 256/47 257 


Optoelectronic 
transmit and 
receive plug-in units 


| 


i 
| Equipment front 
| 


Fig.6 Design of equipment inset 7R2 modified for the connection of fiber-optic cables 


by the long sides of the plug-in units, 
which are usually formed by a printed 
circuit board. For differing applications 
there are shielded and unshielded plug-in 
units. 


Unshielded plug-in units consist essen- 
tially of a 100 mm xX 160 mm printed 
circuit board or a 233.35 mm Xx 160 mm 
printed circuit board on which the elec- 
trical and mechanical components are 
mounted. The plug-in units can be pro- 
vided with metal or plastic covers. The 
vertical modular pitch isn - 2.5 mm. The 
plug-in units are retained in the inset by 
means of a single-piece cover or are sec- 
ured separately. 


Shielded plug-in units are protected 
against RF interference. For this pur- 
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pose the printed circuit board is held ina 
metal frame and the open sides of the 
frame are each electrically shielded by 
means of a cover and contact springs. 


Additional slide-in card units contain 
abbreviated operating instructions and 
are included with each equipment inset. 


The connectors used for the unshielded 
plug-in units are preferably 32, 48, 64 
and 96 contact types per IEC P603-2 and 
DIN 41612. Where necessary, they are 
equipped with protruding contacts and 
coding devices. 


For shielded plug-in units there are 
1.6/5.6 mm and 1.0/2.3 mm coaxial con- 
nectors, single pin-contact connectors, 
feedthrough capacitors and feedthrough 
filters. 


Insets 


Insets combine the plug-in units or mod- 
ules to form electrical functional units. 
In general, they are of plug-in design; 
however there are insets which are per- 
manently mounted in the rack. The 
plug-in insets for the Deutsche Bundes- 
post are generally standardized electri- 
cally and mechanically so as to be inter- 
changeable. That is to say, insets with 
the same function but from different 
manufacturers can be interchanged 
without adjustment in standardized style 
7R racks. When the insets are inserted 
into the guides in the mount and 
screwed into position, connectors pro- 
vide the connections to the rack and 
station cabling. 
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In style 7R construction system there are 
typical inset variants with the following 
designations: 7R2, 7R4, 7R6 (all plug- 
in) and 7RS (fixed). 


Equipment inset 7R2 (Fig. 5) is used for 
housing plug-in units with horizontally 
or vertically arranged printed circuit 
boards. The inset provides internal 
electrical connections to the connector 
panel and the control panel. The vertical 
arrangement with guide rails at the top 
and bottom offers the advantage of 
large-area printed circuit boards or large 
functional units which, if necessary, can 
extend over the entire height of the inset 
and permit a reduction in the number of 
connectors. The internal inset wiring can 
be in the form of point-to-point wiring 


Station cabling 


84-contact 
plug 


Receptacle 


Rear 
PC board 


- ay Plug-in unit 


with soldered or wrap connections, as a 
cableform or ribbon cable, as flexible 
printed wiring or as a printed circuit 
board. Unshielded pin connectors and/ 
Or coaxial connectors are incorporated 
in the terminal panel for connections to 
the rack and station cabling. 


A further development of the 7R2 inset 
is the version for fiber-optic systems 
(Fig. 6). With this version the flexibility 
in structuring which style 7R offers once 
again proved to be an advantage. This 
solution is characterized by a low-loss 
connection of the vertically arranged 
transmit and receive plug-in units to the 
fiber-optic cables of the rack and station 
cabling. This is achieved by direct con- 
nection via fiber-optic connectors per 
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Fig.7 Design of equipment inset 7R4 
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DIN 47256/47257 and elimination of the 
connector level between plug-in unit and 
inset. 


Equipment inset 7R4 (Fig. 7) likewise 
offers space for horizontally and verti- 
cally arranged plug-in units. The inter- 
nal wiring is effected via a printed wiring 
board at the rear, which has the terminal 
strips for the plug-in units on the inside 
and 84/32 contact or 96 contact connec- 
tors on the outside for connections to 
the rack and station cabling. 


With this type of inset the entire rear 
side is the connector panel. For electrical 
shielding, the rear printed wiring board 
can be of multilayer design with a shield- 
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Fig.8 Design of equipment inset 7R5 
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Fig.9 Design of equipment inset 7R6 
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60 Vdc or 220 Vac 


ing layer and the front of the inset can be 
provided with a single-piece cover. 


A variant of equipment inset 7R4 is used 
for power supply units. A_ vertical 
printed circuit board on which are 
mounted recessed 48-contact connectors 
per DIN 41612, style F, is arranged in a 
closed case with cooling fins on the 
front. Connection to the rack and sta- 
tion cabling is effected via a shock- 
hazard protected plug incorporating a 
guide for precentering. 


Equipment inset 7R4 (Fig. 8) is mount- 
ed directly in the rack. The installed 
components, e.g. circuit breakers, 
are permanently connected to the rack 
and station cabling. The front of 
the inset is covered by a removable 
panel. 
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The principal features of equipment inset 
7R6 (Fig. 9) correspond to those of inset 
7R2. It contains at the most only a few 
plug-in units; the majority of the mod- 
ules are permanently mounted. The 
inset is only half the standard width, so 
that two 7R6 insets can be arranged 
side-by-side. In this case also, connec- 
tion to the rack and station cabling is 
effected via pin and coaxial connectors. 


This version is particularly suitable for 
housing transmitters, receivers and 
modulators of radio relay systems in 
separate equipment insets. 


The front panel width of 110 mm is com- 
mon to all versions of the inset. Variant 
7R6 alone is subdivided into two in- 
sets each with a width of 55 mm. The 
standard equipment depth is 225 mm 
(Fig. 3); cooling fins, handles and con- 
trols project up to 35 mm at the front. 
The height of the insets is a multiple 
of 10 mm; for economic reasons, the 
heights 200, 300, 400, 500 and 600 mm 
are preferred. The front surface of the 
insets is formed by the plug-in units or 
a single-piece cover. The single-piece 


front surface and cable channel cover 
is particularly suitable where increased 


demands are placed on _ electrical 
shielding. 
Further applications 


of the style 7R construction system 


As mentioned at the beginning, the style 
7R construction system was designed for 
universal application. It is suitable not 
only for the stations in telecommunica- 
tion offices as described above, but 
equally for the applications below. 


Stations in fixed shelters and cabins 


Such systems are used predominantly in 
countries without the necessary infra- 
structure. In principle, they are compa- 
rable with large stations, but are consid- 
erably smaller. 


Power is frequently supplied from alter- 
native energy sources, such as the wind 
and the sun. Passive cooling systems are 
used for heat extraction from the rooms. 
To suit the reduced height of the rooms, 
the racks usually have a height of less 


Introduction 


than 2.6 m and are mounted against the 
walls. A partial planar cable shelf may 
be provided to suit the cable runs. 


Mobile equipment 


Rack structures with units in style 7R 
are likewise employed for the mobile 
use of telecommunication transmission 
equipment, e.g. mobile offices providing 
emergency service. However, the racks 
are mounted on shock absorbers for pro- 
tection against excessive mechanical 
stress. This applies also to portable 
cases, for instance for journalistic pur- 
poses. 


Use in underground containers 


The style 7R construction system is like- 
wise successfully employed for accom- 
modating the regenerative repeaters of 
“digital” systems on coaxial and fiber- 
optic cable routes in underground con- 
tainers. 


The limited width of this system permits 
a space-saving arrangement of the sys- 
tems against the cylindrical wall of the 
container. 
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Heinz Plugge and Reginhard Pospischil 


FundamentalAsoects 
of Digital Transmission 


In the last 15 years digital transmission 
has progressed from its initial applica- 
tion in short-haul links and is now 
employed at all levels of the transmis- 
sion network. This development has 
largely been due to the tremendous 
advances in semiconductor technology 
made over the period. It is no longer 
necessary to argue that digital transmis- 
sion provides a quality advantage over 
analog transmission (no noise accumula- 
tion, etc.) to justify its use. The 
economics are justification enough - 
particularly when the overall network 
costs, i.e. the digital exchange, are taken 
into account. For long-haul applications 
(>1000 km), there were until quite 
recently break-even calculations demon- 
Strating that analog systems had the 
economic advantage for voice transmis- 
sion in spite of digital trunk exchanges. 
However, with the application of fiber 
optics to long-haul systems the costs for 
the actual transmission equipment are 
falling so rapidly that digital transmis- 
sion is now more economical in every 
case. 


Dipl.-Ing. (FH) Heinz Plugge and 
Dr.-Ing. Reginhard Pospischil, 
Siemens AG, 

Transmission Systems, 
Munich 


PCM 30 systems with signaling converters have 
proven themselves in the transition from analog to 
digital networks 


Until recently, similar assertions were 
also being made about long-haul trans- 
mission via radio relay links. In this 
case, there was no new medium to 
employ, but the application of multi- 
level modulation similarly enabled digi- 
tal radio relay to make significant 
advances [1]. 


By combining these two developments 
with the digital exchange, it is possible 
to establish all-digital circuits through- 
out the network. Such circuits are much 
more economical than those in conven- 
tional analog networks, even for analog 
source signals. 


The economic and technical justification 
for separate networks (telephone, data, 
etc.) is thus no longer relevant and the 
next logical step was to plan one inte- 
grated network for all services. If the 
digital network is extended to the sub- 
scriber loop it is referred to as the ISDN. 


Multiplex hierarchy 


For the multiple utilization of transmis- 
sion paths, it is possible to employ fre- 
quency-, wavelength- and time-division 
multiplex techniques even for digital 
signals. All three techniques are in 
fact used. However, frequency- and 
wavelength-division multiplex techni- 
ques are only employed on digital sig- 
nals when the specified transmission 
medium makes this necessary, and even 
then only for digital signals which are 
already time-division multiplexed. 


Transmission systems are more econom- 
ical the more digital channels they com- 
bine. Since, however, the number of 
such channels for each transmission path 
depends on the network structure, it is 
advisable to multiplex the individual 
transmission signals level by level. This 
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additionally facilitates the cross-connec- 
tion and distribution of signals in the 
relevant multiplex level (hierarchy level). 
The individual hierarchy levels for digital 
signals are specified in CCITT recom- 
mendations (International Telegraphand 
Telephone Consultative Committee). 


There are three different structures 
throughout the world (Table). While 
two hierarchies are based on a primary 
bit rate of 1544 kbit/s, the third employs 
2048 kbit/s. Although the CCITT makes 
no recommendations as to which hierar- 
chy structure should be employed in 
which region, North America and Japan 
have both adopted a hierarchy based on 
1544 kbit/s. By contrast, most other 
regions employ the third hierarchy 
based on 2048 kbit/s. 


In the hierarchy based on 2048 kbit/s 
(Figure) the channel capacity above 
2 Mbit/s increases from level to level by 
a factor of 4. The framing, the multiplex 
bit rate, the interface signal codes and 
the interface signal levels are specified in 
recommendations for each hierarchy 
level. Signals are multiplexed using the 
positive justification method. This was 
developed for multiplexing plesiochron- 
ous digital signals and is also suitable for 
multiplexing synchronous levels, when 
there is a need to avoid the much more 
expensive slip stores at the nodes of the 
transmission network. 


In addition to the hierarchy multiplex 
levels based on the previously stated fac- 
tor of 4, it is also possible to employ 
multiplex units which skip a level, for 
instance skipping the second hierarchy 
level (Figure) in order to save interface 
circuits. With these multiplex units the 
signals should, however, be multiplexed 
in accordance with the hierarchy struc- 
ture to ensure that such units are com- 
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Hierarchy | Characteristics 


level 


1 Bit rate kbit/s 2048 

Channel capacity 30 24 
z Bit rate kbit/s 8448 

Channel capacity 120 96 


Hierarchy system and coverage area 
(thus far known) 


I II Ul 
Europe, South America, USA, Japan 
Middle East, Australia Canada 


3 Bit rate kbit/s 34,368 44,736 32,064 
Channel capacity 480 : 672 480 


4 Bit rate kbit/s 
Channel capacity 


Table 


Telephony 
30 


“1 2Mbit/s j | 
i | 


r— 
| DX 
= 


Data: 64 kbit/s 
30 


Sound: 15 (7.5) kHz 


5 (10) 
DX Digital exchange 
DKVt Digital channel distributor 
DSMX Digital multiplex unit 


Figure Hierarchy of the digital multiplex units 


patible with hierarchy multiplex units. 
These multiplex units also provide a 
very economical solution for branching 
signals. 


The Figure on page 28 shows the techni- 
cal implementation of time-division mul- 
tiplex units as employed in the Deutsche 
Bundespost’s network. 


Interface arrangements 


The interfaces described are those 
between the hierarchy levels in CCITT 
Recommendation G.703. The signal 
code employed at the interfaces for 2, 8 
and 34 Mbit/s is the HDB3 code (high 


30 


139,264 
1920 


97,728 
1440 


Hierarchy structures for digital transmission systems in accordance with CCITT recommendations 


____Bitrate 

(Telephone) channels 
8 Mbit/s 34 Mbit/s 140 Mbit/s 565 Mbit/s 
120 7680 


480 1920 
| 


SC Signaling converter 
PCMX _ Pulse-code modulation multiplex 
units 


density bipolar of order 3), while at the 
interfaces for 140 Mbit/s the CMI code 
(coded mark inversion) is used. Each 
digital multiplex unit is designed not to 
impose any demands on the content of 
the signals to be multiplexed. A source 
signal with a hierarchy bit rate could, 
therefore, have any structure. As long as 
the signal meets the interface require- 
ments of CCITT Recommendation 
G.703, it can be transmitted. The user 
expects the network operator to ensure 
that his signal will be correctly trans- 
ported to the intended recipient. How- 
ever, the network operator is only able 
to monitor the transmission if he knows 


the contents of at least a portion of the 
signal. 


For this reason, the CCITT is currently 
studying so-called H-channel bit rates, 
each of which is somewhat lower than 
the associated hierarchy bit rates. There 
is no restriction on the user as regards 
the signal structure within the H chan- 
nel. For transmission purposes, the H- 
channel signal is expanded to the bit rate 
of the next higher level in the hierarchy. 
The structure of these additional bits is 
defined by the network operator, who is 
thereby enabled to monitor the trans- 
mission. This method of monitoring can 
only be performed cost-effectively by 
the network operator if all the digital 
signals at a given hierarchy level have 
the same frame structure (to date the 
CCITT has only specified this for signals 
transmitted at 2048 kbit/s). This is par- 
ticularly true for modern networks 
employing remotely-controlled  distri- 
butors [4]. 


The next step in prospect for digital 
transmission is already under devel- 
opment. It will expand the digital 
subscriber loop from 144 kbit/s to 
150 (600) Mbit/s, i.e. wideband ISDN 
[2], and take high-speed long-haul 
systems into the gigabits per second 
range. 
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PCM 30G System Unit with Signaling 


Converters 


As a cost-effective means of linking 
analog exchanges, PCM30 equipments 
have been used for decades to allow 
multiple utilization of cables in local and 
short-haul networks. With the introduc- 
tion of digital exchanges, PCM30 sys- 
tems are playing an interfacing role 
between the existing “analog” network 
and the “digital” network. Throughout 
the world there are a great variety of 
interface requirements with respect to 
signaling (signaling conversion) and voice 
transmission, depending on the switch- 
ing system employed and the level of the 
telephone network. Through the use 
of microprocessors and large-scale inte- 
grated circuits, these flexibility require- 
ments are fully met by the PCM30G time- 
division multiplex equipment, the first 
stage in the hierarchical structure of digi- 
tal transmission systems [1]. 


Advances in semiconductor technology 
have made it possible for three PCM30 
systems with signaling converters to be 
accomodated in a style 7R narrow rack. 
By providing relatively low dissipation 
and consequently minimal overtempera- 
tures, these systems satisfy one of the 
prerequisites for a high degree of service 
reliability. 


Ing. (grad.) Klaus Ey, 

Ing. (grad.) Wolfdietrich Gunther and 
Dipl.-Ing. Gerd Schmitz, 

Siemens AG, 

Transmission Systems, 

Munich 


System design 


The proliferation of PCM systems in 
telephone and data networks has also 
led to increased CCITT activity, as evi- 
denced by a large number of contribu- 
tions and new specifications for the 
recommendations covering the technical 
characteristics of PCM systems. For 
example, extensive research into the 
problems associated with echoes and 
stability has made it possible to lay down 
largely standardized requirements for 
hybrid networks. The feature of PCM 
systems is that they can transmit digital 
signals particularly cost-effectively with- 
out analog-digital conversion. This capa- 
bility has been utilized by many PTTs, 
and today a large number of 2-Mbit/s 
links carry a mixture of data and tele- 
phone traffic. However, as this mode of 
operation is prone to deliberate interfer- 
ence with the frame alignment by data 
users, the CCITT recommends the use 
of a cyclic redundancy check (CRC) pro- 
cedure as protection against false align- 
ment. An additional advantage of CRC 
is that it enables links to be monitored 
more effectively for bit error ratios, 
error-free 1-second intervals or block 
errors. These functions are becoming 
increasingly important for the mainte- 
nance of digital links. 


The PCM30G system is based on the 
following characteristics of modern 
CMOS technology: 


e Asingle CMOS VLSI device 
performs the functions of the PCM30 
central multiplexer. 


e Channel-associated codec (coder- 
decoder) with filters on a chip. 


e CMOS microprocess¢rs perform the 
signaling processing, multiplexing and 
supervision functions. 
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e Power MOSFETs, e.g. Siemens’ 
SIPMOS transistors, operate as voltage 
sensors and transmitters in the signaling 
converter circuits, with virtually no 
dissipation and drive power. 


Whereas the PCM30F system was intro- 
duced at a time when short- and long- 
haul applications still predominated, the 
PCM30G system is likely to be used 
primarily in local networks for inter- 
facing between digital and analog 
exchanges (Fig. 1). This means that 
E&M signaling of four-wire signaling 
converters will be encountered rela- 
tively infrequently. Consequently, the 
PCM30G system has been optimized for 
use in conjunction with two-wire signal- 
ing converters. In order to meet the dif- 
ferent requirements of telecommunica- 
tion networks, the PCM30G system 
offers a large number of interfaces and 
connecting options, details of which are 
given in [2]. The system can be equipped 
with a line terminating unit for transmit- 
ting 2-Mbit/s signals on the cables avail- 
able in the local network; this low-cost 
solution saves the network operator the 
considerable expense of installing ca- 
bling to remote line equipment. 


Functional units 


The functional units of the PCM30G sys- 
tem are subdivided into the central sec- 
tion, the peripheral section, the power 
supply and the optional line terminating 
equipment (Fig. 2). 


Central section 


In the central section, it has been possi- 
ble to reduce the number of units from 
the nine of the PCM30F system [3] to 
four by using the latest generation of 
custom integrated circuits, microproces- 
sors and memory devices. These units 


Sid 


Multiplexing 


Toll 
center 


End 
office 


Calling subscriber 


CU Channel unit 
E&M E&M signaling 
EWSD Digital switching system EWSD 


Regenerative 
repeater 


Called subscriber 


LE Line terminating unit 
RS Relay set 
SC Signaling converter 


Fig.1 Applications of the PCM30G time-division multiplex system unit in the telephone network 


are the central multiplexer [4], the super- 
vision unit and the central signaling unit, 
which in turn comprises the signaling 
multiplexer and the signaling processor. 
The basic functions of the central section 
are described below. 


Central multiplexer 


The oscillator generates the 2048-kHz 
master timing signal for transmitting the 
2.048-Mbit/s signal. 


From this master timing signal, the tm- 
ing extraction circuit derives all the tim- 
ing signals required for operating in the 
transmit direction as well as the address 
timing signals for the transmit-side 
voice circuits of the channels and for the 
central signaling unit. The same process 
occurs in the receive direction, the 
2-MHz timing signal derived from the 
incoming 2-Mbit/s signal being used as 
the master timing signal. The unit there- 


mW 


fore supports two timing systems which 
are independent of each other and pos- 
sibly in a plesiochronous relationship. 
This ensures that if one of the systems 
fails (e.g. due to a route disturbance), 
the other direction can continue operat- 
ing — an important consideration, par- 
ticularly for data transmission. 


The purpose of the framing circuit is to 
assemble the 8-bit words of the 30 chan- 
nels, the signaling information from the 
signaling multiplexer and the frame 
alignment signal and service word to 
form the 2048-kbit/s signal as specified 
in CCITT Recommendation G.704. 


Synchronization 


Synchronization to the received 2-Mbit/s 
signal is effected in accordance with 
either CCITT Recommendation G.732 
or G.735. Once synchronism is estab- 
lished, the information contained in 


time slots 1 to 15 and 17 to 31 of the 
2-Mbit/s frame is assigned to the asso- 
ciated channel units and that in time slot 
16 to the signaling multiplexer. 


The CRC4 procedure is provided to pre- 
vent false synchronization. A CRC sig- 
nature is calculated from the contents of 
the 2-Mbit/s transmit signal and relayed 
to the distant station in the first bit of the 
pulse frame. There, the same calculation 
is performed and the result compared 
with the signature received. The result 
will only tally if the 2-Mbit/s signal is 
properly synchronized; if not, resyn- 
chronization 1s initiated. 


The coder and decoder are designed for 
the HDB3 interface code (HDB3 high 
density bipolar of order 3) of the 
2-Mbit/s signal as specified in CCITT 
Recommendation G.703. In the trans- 
mit direction, this pseudoternary code 
with up to three consecutive “zero” bits 
is derived from the binary-coded digital 
signal. In the receive direction the 
reverse process Occurs. 


The clock interfaces provided for operat- 
ing the system unit in a synchronized 
network are an input port for synchro- 
nizing the internal oscillator to a highly 
accurate network clock and an output 
port for synchronizing external units. 


The interface to the supervision unit 1s 
the interface across which the alarm 
information from the supervision unit is 
transmitted for incorporation in the 
2-Mbit/s pulse frame on the transmit 
side. The alarm information received 
from the distant station is fed to the 
supervision unit for logical linking and 
evaluation of the alarms. 


Supervision unit 


The purpose of this unit is to collect 
faults occurring in the equipment, dis- 
turbances in the 2-Mbit/s receive signal 
and alarms from the distant station. It 
logically links these signals, evaluates 
them and initiates appropriate responses 
(e.g. transmission of alarm information 
to the distant station, visual alarm dis- 
play and activation of an alarm signaling 
interface) in accordance with an alarm 
and response table agreed with the cus- 
tomer. 


The supervision unit employs a micro- 
controller with an external EPROM 
mainly containing the alarm = and 
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response table. This allows flexibility in 
meeting customer requirements. 


In the circuit empoyed the alarm infor- 
mation received from the other central 
units (present at the parallel inputs of 
three cascaded 8-bit shift registers) is 
read in parallel and periodically read out 
serially by the microcontroller. For this 
purpose the microcontroller applies a 
shift timing pulse to the registers via one 
port and reads the data out serially via a 
second port. 


The basic input information relates to: 


e loss of the 2-Mbit/s signal, 


e loss of frame and multiframe 
alignment, 


e receipt of AIS (alarm indication 
signal) in the frame or multiframe, 


e bit error ratio >10~° and > 10 in 
the received 2-Mbit/s signal, 


e failure of internal clock dividers, 
e failure of the signaling multiplexer, 


e service information from the distant 
station, 


F2 +o 
Channel 1 


F2 > 
Channel 2 


F2 ><+e 
Channel 3 


Optional 

LE Line terminating unit 
Veale) Power feeding 

PS Power supply 


e faults on one of the buses to/from the 
signaling converters, 


e faults in the data interchange between 
signaling multiplexer and signaling pro- 
cessor. 


The alarm-related logic operations per- 
formed by the microcontroller produce 
alarm responses. These are written into 
five cascaded 8-bit shift registers and 
transferred to parallel latches by a clock 
pulse from the controller. Conse- 
quently, the information for controlling 
the alarm responses is continuously 
present until a controller-initiated 
change. 


The principal alarm responses are: 


e visual alarm indications on LEDs, 


e transmission of alarm information to 
the distant station (urgent and 
nonurgent signals in the service bit of 
the 2-Mbit/s frame and the signaling 
frame), 


e blocking and clearing of telephone 
connections, 


2 Mbit/s 


48/60 V 


48/60 V 


SC Signaling converter 
SMUX _ Signaling multiplexer 
SPROC _ Signaling processor 
SUP Supervision 


Fig.2 Functional diagram of the PCM30G time-division multiplex system unit 
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e AIS transmission in the 2-Mbit/s 
signal and in 64-kbit/s signals, 


e external alarm initiation via electronic 
signal contacts for reporting equipment 
faults and route interruptions to a cen- 
tral alarm signal panel or to a remote 
supervision facility. 


In order to simplify troubleshooting in a 
defective equipment, the PCM30G sys- 
tem contains a diagnostic system con- 
trolled by the supervision unit. For this 
purpose, each central unit is provided 
with an LED which lights if an equip- 
ment fault is present in the unit in ques- 
tion. The supervision unit itself contains 
two LEDs - one to indicate faults on one 
of the buses to the signaling converters 
and the other to indicate microcontroller 
failure. The latter event is monitored by 
a watchdog circuit which detects the 
absence of specified timing signals. 


An alarm test switch, accessible from the 
front of the equipment, allows in-service 
testing of the alarm signaling interface. 
Other switches enable 2-Mbit/s loops to 
be inserted for commissioning and test 
purposes. Whereas in the case of the 
“local loop” the outgoing 2-Mbit/s signal 
is fed to the input for the incoming sig- 
nal, in the case of the “distant loop” the 
incoming 2-Mbit/s signal is transmitted 
back in the opposite direction when 
requested by the distant station. 


Central signaling unit 


The central signaling unit links the cen- 
tral multiplexer and the signaling con- 
verters. It comprises the signaling multi- 
plexer (SMUX) and signaling processor 
(SPROC), each of which contains a 
80C31 microcontroller operating at 
12 MHz. The dissipation of the central 
signaling unit has been minimized by 
using CMOS and HCMOS technology. 


As the programs for the microcontroller 
are stored in plug-in EPROM devices, 
flexibility is provided for matching the 
central signaling unit to a wide variety of 
switching systems. This also enables any 
modifications subsequently required 
during operation to be easily imple- 
mented. 


Interworking of the central signaling unit 
with the central multiplexer 
and the signaling converters 


The central signaling unit and the cen- 
tral multiplexer interoperate via the 
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2-Mbit/s interface. Two serial buses each 
with an 8-bit data capacity are provided 
for data exchange. The signaling con- 
verters contain only sensor and transmit- 
ter circuits, the signaling information 
being processed in the central signaling 
unit. The major advantage of this func- 
tional division is that a wide variety of 
applications can be covered using only a 
few signaling converter types combined 
with appropriate processing software. 
Stored in the EPROM device of the sig- 
naling processor are all the processing 
programs found in a management sys- 
tem. A type identifier contained in the 
signaling converter information acti- 
vates the particular processing program 
required. 


Functions of the signaling multiplexer 
(SMUX) 


The signaling multiplexer detects the 
multiframe alignment signal in the data 
received in the 16th time slot and 
monitors alignment once it is achieved. 
A persistence check (bit by bit) of the 
received signaling data eliminates trans- 
mission errors from the line. The signal- 
ing multiplexer distributes the data of 
the 16th time slot of the 2-Mbit/s bus 
interface to the signaling converters and 
vice versa. The plesiosynchronism be- 
tween the 2-Mbit/s signals is equalized in 
the signaling multiplexer, which also 
generates all the control timing for the 
signaling converters. In applications in 
which the data to/from the signaling con- 
verters must not simply be passed 
through “transparently,” the signaling 
multiplexer is extended to incorporate 
the signaling processor. Changeover to 
operation with the signaling processor is 
effected automatically on inserting the 
unit. 


Functions of the signaling processor 
(SPROC) 


This unit processes the signaling for the 
signaling converters. The program is 
divided into two blocks — the basic pro- 
gram and the user programs. The basic 
program can be combined with several 
user programs as required. In the basic 
program the individual signaling con- 
verters are cyclically scanned, their type 
established and, if processing is neces- 
sary, control is transferred to the par- 
ticular section of the user program 
required. 
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Although the system is so designed that 
only 62.5 us are available for execution 
of the relevant program section of a sig- 
naling converter, time-consuming pro- 
grams can nevertheless be implemented, 
such as dial pulse correction and pulse 
repeater programs. Any timeouts due, 
for instance, to handling several time- 
consuming programs sections simultane- 
ously in a single channel are compen- 
sated by time surpluses from other chan- 
nels. Care is additionally taken to ensure 
that there is no impairment of the signal- 
ing functions, even under worst case 
conditions. 


Interoperation 
of the signaling multiplexer and processor 


The SMUX and SPROC each operate 
independently. Communication speed is 
maximized by writing the data to be 
exchanged into the external memory of 
the other microcontroller: each micro- 
controller always finds the data trans- 
mitted by its partner in its own RAM 
device. A hardware circuit prevents the 
two microcontrollers from simultane- 
ously accessing the same RAM; the data 
to be transmitted are buffered until writ- 
ten in. 


An “overtake protection” facility pre- 
vents the signal processor from process- 
ing data which has already been pro- 
cessed. 


Tests 


Testing of the serial buses between the 
signaling converters and the central sig- 
naling unit, self-testing of the signaling 
multiplexer and processor as well as 
jointly performed testing of the data 
paths between the two units ensure that 
disturbed signaling functions are detect- 
ed. The errors messages are evaluated 
by the central supervision unit, resulting 
in selective alarm initiation and indica- 
tion of the defective unit. 


Peripheral section 


The channel units form the peripheral 
section of the PCM30G system equip- 
ment. It is based on a three-channel 
structure, i.e. three functionally identi- 
cal channel circuits are assigned to a 
channel unit; ten mounting positions for 
channel units are provided in the equip- 
ment. 


E&M channel units and digital channel 
units for synchronous 64-kbit/s transmis- 


sion are provided in addition to the sig- 
naling converters for direct connection 
to the selector stages or to trunk circuits 
of analog telephone equipments. Any 
combination of these units with signaling 
converters can be installed in the system 
unit. 


Signaling converters 


The signaling converters consist of the 
following functional entities: the voice 
frequency (VF) path, the sensor and 
transmitter circuits and the interface to 
the central signaling unit. 


In the VF path, the voice signals of the 
transmit and receive directions are 
matched to the single channel codec via 
an active hybrid network (provided the 
signaling converters are two-wire). This 
codec contains the transmit bandpass 
and receive low-pass filters, realized in 
switched capacitor technology, required 
for limiting the VF band. It also contains 
the single channel coder and decoder 
responsible for speech encoding and 
quantizing (A-law) in accordance with 
CCITT Recommendation G.711. An 
8-bit word (corresponding to a sample of 
the VF signal) is read out of the coder 
and a similar word is written into the chan- 
nel-associated decoder at 125-us inter- 
vals under the control of the transmit- 
and receive-side addressing circuit of the 
central multiplexer. The individual- 
channel encoding principle combined 
with the digital and therefore error- 
proof transmission of signals between 
the central multiplexer and the channel 
units ensure optimum transmission 
characteristics (low idle-channel noise, 
high crosstalk attenuation). 


The sensor and transmitter circuits are 
used for detecting and generating call 
control signals which are transmitted on 
the speech and/or signaling wires to and 
from the analog exchanges. For reasons 
of reliability, size and performance, 
semiconductor circuits optimized to 
ensure minimal dissipation are employ- 
ed instead of the relay circuits tradition- 
ally used in switching systems. The 
switching transistors used are mainly of 
the SIPMOS® type which are chiefly 
characterized by low drive power and a 
high reverse voltage. 


The serially implemented interface to the 
processor is organized such that eight 
bits are transmitted within a 2-ms multi- 
frame in each direction between the sig- 
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naling multiplexer and channel circuit. 
The sensor information, in the form of 
logic potentials and a type identifier for 
selecting the associated user program, is 
transmitted to the signaling multiplexer. 
The eight bits from the signaling multi- 
plexer are used to control the transmit- 
ter circuits and the status display. 


Power supply 


The supply voltages required in the 
equipment are produced in the power 
supply unit from the station battery volt- 
age. This unit operates on the single- 
ended forward converter principle with 
a switching frequency of 75 kHz and 
employs voltage regulation. The prima- 
ry and secondary sides are electrically 
isolated. The 80% efficiency is virtually 
constant over the entire output power 
range. 


A supervision circuit monitors the out- 
put voltages and extends an alarm to the 
rack alarm panel in the event of an 
under- or overvoltage. The front panel 
of the power supply unit contains an 
LED, which lights if the supervision 
circuit is activated, and test jacks for 
checking the secondary voltages. 


Line terminating equipment 


In certain applications, e.g. in urban or 
local networks, it is economically advan- 
tageous to be able to connect the trans- 
mission line (e.g. existing local trunk 
cables) directly to the multiplexing 
equipment. For such applications, the 
PCM30G system equipment is provided 
with mounting positions for a line ter- 
minating unit (comprising a single slide- 
in unit in Eurocard format) and for a 
power feeding unit to supply the 
2-Mbit/s regenerative repeaters. The 
line terminating unit matches the 
2-Mbit/s interface of the central multi- 
plexer to the transmission line in respect 
of pulse shape and impedance. In the 
receive direction it contains the terminal 
regenerator which equalizes and regen- 
erates the digital signal which has been 
attenuated by up to 40 dB. The front 
panels of the two units additionally con- 
tain splitting jacks at which a fault locat- 
ing set can be connected for pinpointing 
defective regenerative repeaters and line 
interruptions. The power feeding unit 
delivers a constant 49 mA; its output 
voltage can be either 100 or 200 V. A 
detailed functional description is given 
in [5]. 


Mechanical design 


The central units of the PCM30G system 
equipment, the power supply unit, the 
integral line terminating unit and the 
power feeding unit are realized in 
Eurocard format. The power supply and 
power feeding units are additionally 
enclosed in an aluminum case in order to 
reduce radiated emissions. The circuit 
boards of the channel units (three chan- 
nels each) are in double Eurocard for- 
mat with a front cover containing cut- 
outs for the displays and controls, such 
as LED status display, blocking switch 
and test jacks. The 700 mm high style 7R 
inset contains five mounting positions in 
both its lower and middle sections in 
which the channel units are arranged 
vertically (Fig.3). The upper section 
provides eight positions for horizontally 
mounting the units with Eurocard for- 
mat. The units are internally wired via a 
six-layer backplane circuit board, the 
back of which is equipped with male 
connectors providing a plug-in connec- 
tion for the equipment inset. The associ- 
ated rack receptacles are flow-soldered 
onto circuit boards with wrapping posts 
for connecting the station wiring and are 
float-mounted in the rack to compensate 
for tolerances. 


The panel connectors of the inset and 
rack conform to DIN 41612 and are 
fitted with polarizing keys to prevent 
incorrect insertion of the units. 


The 2600-mm high rack accommodates 
three PCM30G system equipments, an 
alarm panel and a test panel [6]. The 
alarm panel concentrates the fault and 
disturbance signals from the PCM30G 
equipment insets, indicates them via 
LEDs and passes them on to a super- 
ordinate alarm signaling facility. 


The test panel is used for performance 
testing the signaling converters. For this 
purpose, equipment such as switching 
testers or VF-level test sets can be 
inserted and connected to the signaling 
converter under test. Built-in transmit- 
ter and sensor circuits facilitate testing 
of the switching functions of the signal- 
ing converters. The upper section of the 
rack contains a screw terminal strip for 
connecting the station battery. These 
supply circuits are protected either in a 
central power distributor rack or on a 
decentralized basis in a fuse panel which 
can be additionally installed in the 
PCM30G rack. 
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As dc signaling using station battery 
potential is employed, the 48 V or 60 V 
station battery voltage is fed directly to 
the signaling converters in addition to 
the secondary voltages of the power sup- 
ply unit. The power consumption of a 
PCM30G system equipment is largely 
dependent on the type of signaling con- 
verter, the state of the signaling system, 
the length of the associated VF trunks 
and the equipment configuration. It can 
vary from about 4 W to 70 W. On the 
other hand, the effective heat dissipa- 
tion in the equipment is no more than 
27 W, atypical value being only 12 W. 
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Multiplexing 


Claus Ehricke 


Signaling Converters 
for Processing Switching Signals 


The digitization of transmission net- 
works and the introduction of digital 
switching, being forced by many PTTs, 
require a wide range of measures to 
ensure compatibility with existing 
analog systems. In this situation, the sig- 
naling converter has the important func- 
tion of establishing the link to the digital 
system in a form which is economical 
and convenient for planning, installation 
and operation [1, 2, 3]. The optimum 
approach in most cases is for these func- 
tions to be incorporated in the time-divi- 
sion multiplexing primary PCM systems. 


In the PCM30 pulse code modulation 
system, the channel units for the tele- 
phone channels are designed to allow a 
convenient connection to any commonly 
employed analog switching system inter- 
face. They provide for the connection of 
up to nine wires to accommodate the dif- 
ferent speech and switching signal trunk- 
ing arrangements through two- and four- 
wire switching exchanges. 


Dipl.-Ing. Claus Ehricke, 
Siemens AG, 
Transmission Systems, 
Munich 
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Connection options 


E & M interface 


Among the different methods of con- 
necting transmission systems to the 
exchange (Fig. 1), the six-(eight-)wire 
interface to the conventional relay set is 
a common choice, particularly in long- 
distance exchanges. 


With this approach the unbalanced 
E&M (exchange and multiplex) signal- 
ing is implemented on single signaling 
wires, separate from the speech path. 
The PCM30 system unit is accordingly 
provided with channel units with E& M 
signaling (SEM) for up to two mutually 
independent signaling channels in each 
direction, via which both pulsed and 
continuous signaling can be transmitted. 


Interface for loop signaling 


At the lower network levels, loop cir- 
cuits for isolated lines with the two-wire 
interface for loop signaling are widely 
used. In this case, the states, “loop open 
or closed” and “feeding polarity normal 
or reversed,” are signaled via the 
balanced signaling circuit of the speech 
wires. This is interrelated with forward 
and backward signals, since a change of 
polarity, for example, can only be 
detected with the loop closed. If PCM30 
systems are connected to this interface, 
the associated signaling converters (SC) 
for loop signaling simulate the relevant 
states, these being the feed in the “out- 
going” SC and the loop in the “incom- 
ing” SC. (Other terms current for in- 
coming and outgoing SCs are the signal- 
ing converters for analog-digital conver- 
sion (SAD) and digital-analog conver- 
sion (SDA), relating in each case to the 
direction of call establishment.) 


Interface to the exchange 


Signaling converters for direct connec- 
tion to the analog exchange, 1.e. 
eliminating relay sets, produce a solu- 
tion which is compact but may involve 
complex matching. Here again a distinc- 
tion is drawn between “outgoing” and 
“incoming” SCs (or SAD and SDA) 
connected directly to the outputs or 
inputs of the selectors or crossbar 
switches. A further distinction is made 
between SCs for two- and four-wire 
operation, depending on whether they 
are connected to two- or four-wire 
switching exchanges. The relationship 
between the forward and backward sig- 
naling conditions is determined by the 
quantity of dedicated signaling sensor 
and transmitter circuits and the number 
of signaling wires. The signaling condi- 
tions employed are ground potential and 
the voltage in one or in both directions 
of the signaling wires. 


Compatibility 


The aim is generally to ensure that all 
the different SC variants in use in a re- 
gional or national network are compat- 
ible. This is not easy if different signal- 
ing systems are in use at different net- 
work levels or in different switching sys- 
tems and if, for various reasons, there is 
only a limited repertoire of signals avail- 
able for the dialog. 


With the 64-kbit/s common-channel sig- 
naling system (time slot 16), the PCM30 
system offers sufficient capacity to 
establish a common “language” for the 
most frequent and most important com- 
munication modes in the network. 


It is possible, for example, to convert 
the single-frequency pulse signaling 
employed in FDM systems to the signal- 
ing agreed for PCM systems (up to 4 bits 
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per telephone channel) using special 
FDM signaling converters (SCFs). SCFs 
can be connected directly to the existing 
FDM channel units to establish, like 
transmultiplexers, the transition be- 
tween analog and digital transmission 
links. Their primary function is to pro- 
vide the conversion procedures between 
analog und digital signaling operations, 
including group pilot blocking. 


In addition, the SCF can be connected 
like an FDM channel unit to the existing 
FDM relay set and matched via this 
“standardized” interface to switching 
systems which are difficult to access else- 
where. This applies particularly in coun- 
tries where different makes and genera- 
tions (electromechanical, electronic) of 
switching systems are installed in one 
network. 


By adopting a uniform signaling system 
with suitable types of SCs, it is usually 
possible to interconnect an extremely 
diverse range of analog switching sys- 
tems. This approach, which has already 
been proven on point-to-point links, is 
also being applied successfully to the 
digital exchanges currently being install- 
ed. These exchanges can then switch the 
telephone channels — with a few excep- 
tions (special services, foreign traffic) — 
freely and rapidly throughout the entire 
network without further signal conver- 
sion [4]. The same is true for digital 
channel distribution and drop/insert 
applications. 


Signaling frame 


Each telephone channel is assigned 4-bit 
signaling words in the signaling frame 
for time slot 16 of the PCM frame as 
defined in CCITT Recommendation 
G.704 [5] (Fig. 2). Each of the four bits 
represents one signaling channel with a 
bit rate of 0.5 kbit/s [6]. The effective 
transmission rate does not usually 
exceed about 10 bit/s (dial pulses) since 
the pulsed and continuous signals of the 
dc signaling are converted into the 
coded signaling words on the same time 
scale. The bit rate of 0.5 kbit/s, how- 
ever, restricts signal distortion to 
2 iis, 


Signaling scheme 


The minimum signaling required for a 
telephone connection includes the 


Analog | 


FDM line | 
AX Analog exchange 
CU Channel unit 
DX Digital exchange 
RSEM E&M signaling relay set 
RSL Loop signaling relay set 


Multiplexing 


Digital 


SC/MUX Signaling converter/multiplexer 
SCF/MUX FDM-type SC/multiplexer 
SCL/MUX Loop SC/multiplexer 
SEM/MUX E&M signaling/multiplexer 


Fig. 1 Transition options from analog to digital transmission systems (e.g. PCM30) 


criteria for seizure, dialing (decadic- 
pulse or multifrequency-code dialing), 
start and end of call, metering if 
required, and release. In addition, the 
signaling is usually supervised by the use 
of acknowledgment signals for seizure or 
release. Other criteria are provided for 
manually switched calls, i.e. trunk-offer- 
ing, ringback or hold. There are criteria 
available for tracing malicious calls and 
criteria for distinguishing between 
chargeable and no-charge emergency 
and special service calls. On satellite 
links, signals have been adopted for the 
control of echo suppressors. Other con- 
trol signals are available for test and 
measurement connections to supple- 
ment the normal signaling scheme. An 
example of such a scheme is shown in 
the Table. 
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Assignment of functions 


In the PCM30 system unit the individual 
functions can be assigned to central and 
peripheral areas. The availability of 
powerful microprocessors and the use of 
suitable software enable the processing 
of signals to be largely centralized. Some 
of these functions deal with the control 
of the individual peripheral signaling 
sensor and transmitter circuits in the 
channel units. A significant proportion 
of these functions is involved in the 
actual processing of the signaling for the 
30 telephone channels and in multiplex- 
ing and demultiplexing the digital signals 
for PCM time slot No. 16. However, the 
low-cost LSI single channel COFI 
(codec filter) device, incorporating the 
codec function and the filters for the 
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Time slot no. 


Signaling 
time slot no. 


Signaling frame Service word 


alignment signal 


a,b,c,d Signaling bits of a signaling word 
A=1 Bit signaling urgent alarm 


PCM frame 


125 us 


Signaling 


-_ Signaling frame 


Signaling word 
Channel 8 


Signaling word 
Channel 23 


N=0 Bit signaling non-urgent alarm 


Fig. 2 Structure of the signaling frame in accordance with CCITT Recommendation G.704 


transmit and receive speech signals, 
enables the analog-digital and digital- 
analog conversion to be provided on a 
completely decentralized basis in every 
channel circuit. The only operation then 
performed centrally is the multiplexing 
and demultiplexing of the overall PCM 
time-division multiplex signal [7]. 


Channel unit 


The signaling converter separates the 
speech and signaling paths from each 
other (if they are not already separate) 
by feeding the dc signaling in and out via 
a choke, the voice-frequency (VF) sec- 
tion being isolated by means of a 
capacitor and transformer. In two-wire 
operation, the speech signals are fed via 
a high-pass hybrid circuit designed as an 
active balancing circuit with only one 
transformer. In the speech path, the 
levels can be adjusted in 0.5-dB incre- 
ments to transmission plan values and 
the impedances can also be set, if neces- 
sary. Adaptation of the range of signal- 
ing paths is effected automatically in 
some cases. 
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The standardized and filtered informa- 
tion signals are digitized and processed 
into code words. The code words of the 
speech signals are exchanged between 
the channel section and the central PCM 
multiplex section via a bus system in the 
form of 8-bit burst signals at a rate of 
2 Mbit/s, while the signaling is exchanged 
between the channel section and the 
central signaling section, for example, as 
a serial 8-bit signal or parallel 4-bit sig- 
nal. The signaling bit combinations indi- 
cate the current progress of the call and 
— in coded form — the physical mag- 
nitude of the dc signals relative to signal- 
ing wires and potential. Data formats of 
up to 8 bits have been adopted for the 
wide variety of assignments of signaling 
currents or signaling potentials to the 
electronic sensor and transmitter circuits 
connected to the signaling wires. This 
enables the required coding and decod- 
ing operations to be shifted if necessary 
from the periphery to the central signal- 
ing control. The internal exchange of 
data, e.g. for the 8-bit data format, is 
handled at 64 kbit/s via the transmit and 
receive bus systems carrying 15 channels 


Signaling word 
Channel 30 


Signaling word 
Channel 15 


PCM Pulse code modulation 


each. 8-bit shift registers are used as 
serial-parallel converters so that the data 
for sensor and transmitter circuits at the 
periphery and for the data bus of the 
central signaling control are directly 
available in parallel form. Channel- 
associated clock signals assign the bus 
data cyclically to the individual channels 
(Figs. 3 and 4). 


The time-division multiplex clock sys- 
tem allows transmission systems to be 
configured with a choice of single- 
channel, two-channel or three-channel 
modules. Single-channel and_ two- 
channel modules are of Eurocard 
format (100 mm xX 160 mm); the three- 
channel modules, on the other hand, 
use the double Eurocard format 
(233.35 mm X 160 mm) (Fig. 5). 


The circuits for the speech and signaling 
paths are made up predominantly of 
discrete components (inductors, capaci- 
tors, resistors, transistors, diodes) and 
are unsuitable for integration owing to 
their irregular structure. Discrete com- 
ponents are also required to handle the 
relatively high currents and voltages 
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Operating condition 
_ 
Loop 


1. Idle 

2. Seized 

3. Seizure acknowledged 

4. Answered 

4a. Echo suppressor on* 

5. Clear back 

6. Clear forward after 3 
Clear forward after 4a 
Clear forward after 5 

7. Release-guard signal 

8. Blocked 


* 


ee) Loop open, no potential 


veetion 
Backward signal 
Signaling bits Signaling bits 


Operating condition 4a must come immediately after 4 


Signaling word 


DEOoGoC 


PRR Ree OCC CCF ES 


oo qo ce © © © © o& 2 © 
Dorrorroo7°j;jo 
ee 
KER eS OF KF COC OCOrR Re 
— OR RR RR re KEK OO 


0 1 
0 1 
0 1 
0 1 
1 1 
1 1 
0 1 
1 1 
1 1 
0 1 
0 1 


H Loop high resistance 
L Loop low resistance 


Table Example of a signaling scheme: assignment of loop signaling conditions 
to signaling bits, a to d, of a signaling word in signaling system R2D 


occurring at the interfaces and to pro- 
vide the large inductances and capaci- 
tances required for the VF section. The 
circuitry provided for this purpose is 
determined not only by functionality but 
also, to a significant extent, by the 
requirements of the test and measuring 
systems employed by the operating 
agency. 

To permit compact construction, all cir- 
cuits have been designed as far as possi- 
ble to provide low dissipation. “Low- 
impedance” transmitter circuits, for 
example, are realized with voltage con- 
verters operating on the switching reg- 
ulator principle. The signal streams thus 
produced are obtained from a switched 
storage choke. An electronic switch 
allows the current in the choke to rise 
during the on period; when the switch 
opens the choke current flows via the 
freewheeling diode and the external 
load circuit. The magnitude of the cur- 
rent is regulated by the duty cycle of the 
pulsed switch, while the ripple is kept to 
a minimum by a filter capacitor at the 
output of the circuit. 


The integrated circuits used are design- 
ed predominantly in CMOS technology 
or are operated in the “power-down” 
mode if necessary. 


With these design features, it 1s possible 
to accommodate 60, 90 or 120 channels 
in a style 7R narrow rack allowing a 
nominal dissipation of 60 W. Owing to 
the space-saving design, it is possible, 
for example, to install PCM30 systems 


(hybrid) 


A/D Analog/digital converter 


Dr Receive data 

Dy Transmit data 

LMC _ Line matching circuit 
P/S Parallel-serial converter 
S Sensor circuit 


Fig.3 Functional diagram of a signaling converter 
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together with EWSD exchanges in 
mobile containers [8]. 


Software functions 


The software for processing the signals 
varies greatly in complexity. With E& M 
signaling, the signals from the signaling 
wires can be converted directly into the 
PCM signaling words, while the other 
signaling systems usually require com- 
prehensive functional procedures for 
this purpose (Fig. 6). In addition to 
requiring guard times to eliminate inter- 
ference, these signals have to be inter- 
preted, corrected if necessary, stored, 
suppressed or regenerated. The signal- 
ing of the individual channels must also 
be combined in the transmit direction 
with the signaling frame alignment sig- 
nal and service word to form the signal- 


Ui 
>> DT 
Tr 
—<* i 
Tg 
a ST 
or 
Sr Receive signaling 
St Transmit signaling 
T Transmitter circuit 
Tr Receive clock 
Ts Signaling clock 
Ty Transmit clock 
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transmit 
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signaling 
section multiplex 
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PCM 
receive.bus 
Clock signal 


Fig.4 Funtional diagram of a PCM30 system unit 


2 Mbit/s 


Fig.5 Three-channel module in double Eurocard format (233.35 mm X 160 mm) 
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ing frame, or extracted from the frame 
in the receive direction. 


Provision must be made for alignment, 
channel assignment and alarm handling. 
Permanent test routines check the hard- 
ware and software of the central section 
(microprocessor, data memory, bus sys- 
tem). If a fault or disturbance is de- 
tected, an alarm is given, idle channels 
are blocked and established connections 
released. 


Matching 


Providing for all the types of signaling 
in a network calls for flexible solutions 
in “intelligent” transmission systems. 
Apart from some special versions in the 
range, e.g. test SCs for automatic test 
and measuring equipment (ATME) and 
automatic measurement _ repeaters 
(AMESSUE) [4], most of the signaling 
converters are matched to the particular 
requirements by means of software pro- 
gram variants activated by key words. 
The relevant program can be called up, 
for example, by means of mode switches 
or fixed code bit patterns in the SCs or 
simply by running part of the signaling 
scheme. Only in rare cases is it necessary 
to separate groups of PCM channels or 
to provide additional signal interpreta- 
tion by a digital exchange. 


Operation 


The signaling converters designed for a 
specific area of application are preset at 
the factory to the parameters of the most 
frequent application. Circuit adjust- 
ments to set the level, operating mode 
etc. are therefore reduced to the mini- 
mum. All other operating parameters 
are in most cases set automatically. The 
loss on long two-wire circuits, for in- 
stance, is compensated automatically at 
the transition to four-wire connections 
by control criteria. The use of unfiltered 
or filtered signaling (for metering during 
a call) is controlled by suitably coded 
signals. Range-matching adjustments in 
the electronic signaling circuits can be 
avoided by the use of constant current 
sources. 


PCM automatic test sets for measuring 
and recording transmission and switch- 
ing performance are available for put- 
ting the transmission systems into ser- 
vice [9, 10}. 
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af, bf,ab, bb Signaling bits (Table) 


Fig.6 Extract from the functional diagram of signaling system R2D 
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An important part of system prepara- 
tion, apart from recording attenuation, 
quantizing distortion, idle-channel noise 
and crosstalk data, is the functional test- 
ing of the signaling converters. For this 
purpose the “incoming” and “outgoing” 
SCs are connected in pairs to the signal- 
ing wires or VF interface via a scanner. 


Signaling words in accordance with the 
signaling scheme are then formed in 
the signaling frame (2-Mbit/s level, time 
slot 16) and transmitted as forward or 
backward signals to the SCs under 
test. These convert the bit patterns into 
dc signals which are exchanged via 
scanner connections and converted back 
into bit patterns. Signaling is checked 
for correctness by comparing the 
nominal bit patterns with the received 
signaling words within a time window. 


This technique is used to put all the 
SCs in rapid succession through one 
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connection procedure at a time. The 
results can be recorded in a printout. 


During normal operation the signaling 


converters are included in the automatic 
cross-office and line testing procedures 
of the analog and digital switching sys- 
tems [11, 12]. Fault signals and distur- 
bances can then be traced in the usual 
manner and cleared. In addition, PCM 
connections are monitored for quality by 
the PCM terminal units or by the digi- 
tal exchange [13, 14]. Transient distur- 
bances are recorded statistically and 
cause idle channels to be _ blocked 
immediately. Interruptions of more than 
a few seconds duration are usually 
caused by static faults. Connections dis- 
turbed in this way are therefore released 
after about two or three seconds and are 
subsequently blocked. LEDs in the SCs 
and at a central location indicate alarms 
and operating states. The SC is provided 
with test jacks for measurements and a 


[6] Ehricke, C.; Gieseke, V,: Signaling Convert- 
ers for Transmitting Signaling Information in 
Digital Telephone Paths. 
telcom report 2 (1979) Special Issue “Digital 
Transmission,” pp. 65 to 71 
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17. Ausgabe 1985/86, pp. 241 to 256 

[10] Seidel, D.: Der neue NF-PCM-MeBkoffer 
P2011. 
telcom report 8 (1985), pp. 135 and 136 


switch for blocking the channel manu- 
ally. 


A facility exists for connecting the 
2-Mbit/s PCM signal in a loop at the 
near and far ends of the route for fault 
localization. Another loop can_ be 
formed channel by channel in the COFI 
module, allowing the receive signal 
to be switched to the transmit path 
in the analog section. 


By providing a wide range of monitoring 
and testing facilities and relating the 
faults, disturbances and associated reac- 
tions clearly to the transmission link, 
terminal unit and individual channel, it 
was possible to design a unit meeting 
most operational requirements. Here 
again, a reasonable balance has been 
struck between existing and future oper- 
ational requirements on the one hand 
and the technical and economic con- 
straints on the other. 
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mance Measurement in the EWSD Digital 
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Multiplexing 


Multiolexing and Branching 
of [eleohone and Data Signals 


Digital multiplex unit DSMX64K/2F (CRC4) and branching unit AZG64K/2F 


Telegraph and data signals are usually in 
the form of time-division multiplex sig- 
nals with a bit rate of 64 kbit/s and are 
transmitted in telephone networks mul- 
tiplexed as 2048-kbit/s signals. Digital 
multiplex unit DSMX64K/2F (CRC4) 
(cyclic redundancy check) is designed to 
combine up to 31 synchronous 64-kbit/s 
signals and can also be optionally equip- 
ped with interface slide-in units for data 
at 0.6 to 19.2 kbit/s or 128 kbit/s or for 
telephone signals with a bandwidth of 
300 to 3400 Hz. By coupling two units or 
using the AZG64K/2F branching unit 
whose basic functions correspond to 
those of the DSMX64K/2F (CRC4), 
channels can be branched and inserted 
economically. This facility is useful for 
linking subscribers in long line net- 
works. 


Dipl.-Ing. (FH) Manfred Krohn and 
Dipl.-Ing. Horst Muller, 

Siemens AG, 

Transmission Systems, 

Munich 


Digital multiplex unit DSMX64K/2F 
(CRC4) 


This unit is used as a multiplexer for syn- 
chronous data signals at 64 or 128 kbit/s. 
When the unit is preceded by a ZD-A3 
submultiplexer [1], it is possible to com- 
bine low bit rate signals for text and data 
(e.g. twenty 2.4-kbit/s signals) to form 
a 64-kbit/s signal in accordance with 
CCITT Recommendation G.703 [2]. 


The basic requirement for unimpaired 
operation is that the clock supply on the 
transmit side of the multiplex unit 
should be in synchronism with the 
64-kbit/s data signals. If this condition 
is not met, bit errors will occur in the 
64-kbit/s signals. The same applies to 
the multiplexing of 128-kbit/s signals, 
such as are transmitted for example by 
data switching exchanges in_ the 
Deutsche Bundespost network. An ex- 
ample of clock distribution in a syn- 
chronous 64-kbit/s network 1s described 
in the section, Digital branching unit 
AZLGO64K/2F. 


A particularly useful facility is that in 
private networks the DSMX64K/2F 
(CRC4) can transmit 0.6 to 19.2-kbit/s 
signals from data terminals in place of 
synchronous 64-kbit/s signals. The inter- 
faces for data signals of this type comply 
with CCITT Recommendations V.24 
and V.28 [3]. Telephone signals can be 
transmitted if the multiplex unit is 
equipped with telephone channel units 
instead of data channel units; slide-in 
units are available for two-wire and 
four-wire operation. This type of link 
generally employs signaling systems 
based on pulses or conditions. Two sig- 
naling channels are provided for each 
telephone channel, via which the switch- 
ing signals can be transmitted trans- 
parently, i.e. without processing. The 
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DSMX64K/2F (CRC4) can thus be read- 
ily used for the R2 analog and R2 digital 
signaling systems recommended by the 
CCITT. Details of the signaling methods 
are given in [4]. A special application of 
the mulitplexer unit is its use for the 
transition from analog transmission 
(FDM system) with channel modems to 
digital switching. The channel modem is 
then connected to the telephone channel 
unit either directly or via an attenuator 
for level matching, with the speech path 
routed over four wires. Alarm states on 
the FDM link can be extended to the 
exchange on the second signaling chan- 
nel via the multiplexer. 


Two DSMX64K/2F (CRC4), each 
equipped with a branching slide-in unit, 
are provided for the branching and 
inserting of individual channels includ- 
ing signaling. 


An example of its use as a branching 
unit is shown in Fig. 1. Up to 30 (31) 
telephone and/or digital channels can be 
branched by one unit and inserted with 
the second unit. In Fig. 1, channels 18 to 
30 are connected through from location 
A to location C; channels 1 to 17 on the 
other hand are branched at B and ten 
new channels are inserted. The main ap- 
plications for the DSMX64K/2F (CRC4) 
as a branching unit are in networks of 
linear configuration. Examples are the 
telephone links between railroad sta- 
tions or the transmission of supervision 
and fault signals in the networks of 
electric utilities. If operation is uni- 
directional throughout, only one 
DSMX64K/2F (CRC4) is required for 
the branching or inserting functions. A 
typical branching application would be 
simultaneous loudspeaker announce- 
ments at the individual stations along a 
railroad line. 
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Fig. 1 Example of DSMX64K/2F (CRC4) digital multiplex units used as branching facilities 
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Fig.2 Structure of the 2-Mbit/s frame in accordance with CCITT Recommendation G.704 


Frame 


In compliance with CCITT Recommen- 
dation G.704 [2], the coded telephone 
signals or the digital signals are time- 
interleaved in a 2-Mbit/s frame (Fig. 2). 
The frame is divided into the 8-bit time 
slots 0 to 31, with time slots 1 to 15 and 
17 to 31 assigned to the telephone or 
digital signals. In time slot 0 a frame 
alignment signal and a service word are 
transmitted alternately. Time slot 16 is 
available for the transmission of signal- 
ing or a further 64-kbit/s digital signal. If 
time slot 16 is used for the transmission 
of the signaling, a signaling frame 
superordinate to the 2-Mbit/s frame 1s 
formed. This is divided into the 16 sig- 
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naling time slots 0 to 15 of 8 bits each. A 
signaling frame alignment signal of 4 bits 
and a signaling service word of 4 bits is 
transmitted in signaling time slot 0. Sig- 
naling time slots 1 to 15 each contain two 
signaling words with the signaling bits 
a to d for the 30 telephone channels. 
With a frame length of 2 ms the 128-bit 
long signaling frame thus provides each 
telephone channel with a bit rate of 
4 x 0.5 kbit/s for signaling transmission. 


CRC4 procedure 


When synchronous 64-kbit/s data signals 
are being transmitted, the receiver of 
the DSMX64K/2F (CRC4) can become 
incorrectly synchronized during resyn- 


chronization, if the frame alignment sig- 
nal and the second bit of the service 
word are simulated alternately in any 
time slot intentionally or otherwise over 
a long period. The CRC4 procedure 
defined in CCITT Recommendation 
G.704, which is to be introduced by the 
Deutsche Bundespost in 1987, now 
ensures that the receiver cannot become 
synchronized to a simulative frame 
alignment signal. It can also be used for 
rapid measurement of low bit error 
ratios and for inservice detection of 
error-free transmission times, e. g. error- 
free seconds. 


The abbreviation, “CRC4,” stands for 
the cyclic redundancy check which is 
performed on the entire 2-Mbit/s signal 
in a special coding device. The encoding 
procedure produces four CRC4 check 
bits (C1 to C4) which are contained 
serially in the first bit of the frame, as 
shown in Table 1. For this purpose, it is 
necessary to combine groups of 16 
frames to form a CRC4 multiframe 
which is divided in turn into the submul- 
tiframes I and II (blocks 2048 bits long). 
The four CRC4 check bits of a sub- 
multiframe represent the result of the 
CRC4 calculation in the preceding sub- 
multiframe. The first bit of the service 
word contains the CRC4 multiframe 
alignment signal, “001011,” and two 
spare S; bits for service purposes. 


On the receive side, the system searches 
first of all for the frame alignment signal 
and the second bit of the service word 
and then for the CRC4 multiframe align- 
ment signal, “001011.” Once both have 
been detected correctly, the receive sig- 
nal is likewise subjected to the CRC4 
procedure and the CRC4 check bits thus 
obtained are compared with the CRC 
check bits transmitted from the distant 
station. If they agree, the preceding 
2048-bit long submultiframe is indicated 
as being error-free or, if they do not 
agree, aS incorrect. If 915 or more 
blocks out of 1000 inspected contain 
errors, the search for alignment is 
resumed since it has to be assumed 
that the receive side has become 
synchronized to a simulative frame 
alignment signal. 


Since all bits in the 2-Mbit/s signal are 
used to calculate the CRC4 check bits, 
these check bits cannot be simulated by 
a 64-kbit/s data source either intention- 
ally or accidentally. 
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Frame 


Submulti- 


frame 


ee ae au 


Multiframe 


A Remote alarm indication 


2 a CRC bits (cyclic redundancy check) 
35 4 


Table 1 Structure of the CRC4 multiframe 


Mode of operation 


The functions of the individual slide-in 
units are described below with reference 
to the functional diagram in Fig. 3. 


Central multiplex section 


The function of the central multiplex 
section in the transmit direction is to 
multiplex the 8-bit code words offered 
via bus circuits by the peripheral channel 
cards and to insert them in the 2-Mbit/s 
frame together with the frame alignment 
signal, the service word and the informa- 
tion offered by the signaling multiplexer 
for time slot 16. The 2-Mbit/s signal is 
subjected to the CRC4 procedure and 
converted to an HDB3 signal (high 
density bipolar of order 3). The follow- 
ing transmit amplifier matches the signal 
for level and shape to the interface 
requirements in CCITT Recommenda- 
tion G.703. The outputs can be either 
balanced (120 Q) or coaxial (75 Q). If 
necessary, an integral line terminating 
unit can be inserted in the DSMX64K/ 
2F (CRC4) for connection to the trans- 
mission lines. 


The crystal oscillator can be operated 
either free-running or locked to an 
external clock signal T3 or to a clock 
derived from the receive signal F1 in. 


The transmit-side clock supply generates 
all clock signals which are required for 


co-pepen|~ 


Bits 1 to 8 of the frame 

ER ERERESESEAL 
0 0 1 1 0 | 1 
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N 


Non-urgent alarm from distant station 
Spare bits for international use 
Se Spare bits for national use 


”N 


controlling the transmit-side processes 
in the central multiplex section and in 
the channel units. 


In the receive direction, an automatic 
equalizer compensates for line attenua- 
tion of at least 6dB. This is followed by a 
code converter which converts the 
HDB3 coded signal into the binary sig- 
nal. The alignment circuit identifies the 
frame alignment signal occurring at 
periodic intervals and the signaling 
frame alignment signal occurring at 
intervals of 2 ms. In this way it detects 
the start of the 2-Mbit/s frame and of the 
signaling frame, and thus synchronizes 
the receive-side clock supply and the 
receive side of the signaling multiplexer. 


The CRC4 supervision circuit provides 
protection against false alignment and 
detects bit error ratios of p = 10°°. The 
2-Mbit/s signal is fed from the demulti- 
plex circuit via a bus line to the channel 
units and, if necessary, to the signaling 
multiplexer. These units operate under 
the control of the receive-side clock sup- 
ply to extract from the multiplex signal 
the 8-bit words assigned to them. 


All the central multiplex section logic 
functions (Fig. 4) and the functions 
required for the CRC4 procedure are 
implemented in two integrated circuits 
(CMOS gate array) for the multiplexer 
and CRC4 devices, whose characteristic 
data are listed in Table 2. 
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Multiplexing 


Signaling multiplexer 


When telephone channel units with sig- 
naling wire connections (channel-associ- 
ated signaling) are used, the signaling 
converter slide-in unit is inserted. In the 
transmit direction the converter multi- 
plexes signaling bits a and b from the 
peripheral channel cards, or bits a, b, c, 
d in the case of 4-bit signaling and adds 
the signaling frame alignment signal and 
the signaling service word to form the 
signaling frame. The signaling multi- 
plexer transfers the 8-bit portions of the 
signaling frame to the central multiplex 
section at the correct instant every 
125 us for insertion in time slot 16 of the 
2-Mbit/s frame. 


In the receive direction, the signaling 
multiplexer removes time slot 16 from 
the 2-Mbit/s signal. A bit-for-bit repeti- 
tion check is made to protect against 
individual transmission errors on the 
2-Mbit/s route. The channel-related sig- 
naling bits a, b, c and d are fed to the 
channel units on bus lines. 


Branching unit 


For branching, two DSMX64K/2F 
(CRC 4) units are employed each, equip- 
ped with a branching slide-in unit. The 
receive side of one multiplexer in each 
case synchronizes the transmit side of 
the other to the frequency and phase of 
the 2-MHz clock, the 8-kHz frame and 
the 0.5-kHz signaling frame. If the 
supervision unit detects a disturbance in 
the unit in one direction of the link, 
operation in the other direction is still 
maintained. Facilities are provided for 
selecting which of the telephone and/or 
digital channels, up to a maximum of 30 
(31), are branched or inserted. 


Digital channel units 


The digital channel unit contains the 
peripheral transmit and receive circuits 
for two synchronous 64-kbit/s signals 
which have codirectional timing in 
accordance with CCITT Recommenda- 
tion G.703. That means the clock signal 
is transmitted in the same direction as 
the data signal on both the transmit and 
receive sides. 


On the transmit side, the incoming 
codirectional 64-kbit/s signal is decoded 
and the 64-kHz and 8-kHz clock signals 
contained in it are detected. An 8-bit 
buffer memory is provided for absorbing 
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Fig.3 Functional diagram of the DSMX64K/2F (CRC4) 


Fig.4 Central multiplex section of the DSMX64K/2F (CRC4) digital multiplex unit 
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TR Receive-side clock 
dG & Transmit-side clock 


frequency and phase variations. Under 
the control of the transmit-side timing 
circuit, 8 bits of the digital signal per 
frame are fed to the central multiplex 
section at the correct instant via data bus 
lines. The mounting position defines in 
which time slot of the 2-Mbit/s signal the 
8-bit information is inserted. 


On the receive side, the digital channel 
unit extracts the 8-bit portions intended 
for it from the 2-Mbit/s signal under the 
control of the receive-side timing circuit. 
In an 8-bit buffer the bunched 8-bit 
information blocks are converted into 
a continuous 64-kbit/s signal on which 
the 64-kHz and 8-kHz clocks are 
also superimposed. The same type of 
slide-in unit is also used for transmitting 
a 64-kbit/s signal in time slot 16, 
provided that no signaling multiplexer 
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device device device 
Technology 2.8-um-HCMOS 3.6-um-CMOS 
Interconnect levels 2 
Supply voltage av 
Gate delay 4ns 7 ns 
Gate functions | 20 f 0 2000 
Dissipation 12 mW 
Package Ceramic 
Connections es a ae 40 

CMOS Complementary metal-oxide semiconductor 


CRC4 Cyclic redundancy check 


HCMOS High-speed complementary metal oxide semiconductor 


Table 2 Characteristic data of the custom devices 


is used. Digital channel units for the 
transmission of 128-kbit/s digital signals 
can be used instead of 64-kbit/s units. 
Each 128-kbit/s signal is assigned a 
separate slide-in unit and is transmitted 
in time slots 1 and 17, 2 and 18 etc. up 
to 15 and 31 of the 2-Mbit/s frames 
depending on the position in which the 
slide-in unit is mounted. 


The entire processing of a 64-kbit/s or 
128-kbit/s signal in the transmit and 
receive directions is carried out by an 
LSI data device in CMOS technology, 
the characteristic data for which are 
given in Table 2. 


The 64-kbit/s and 128-kbit/s digital chan- 
nel units can be replaced by digital 
channel units for synchronous opera- 
tion with selectable bit rates of 600 bit/s, 
1.2 kbit/s, 2.4 kbit/s, 4.8 kbit/s, 
9.6 kbit/s and 19.2 kbit/s, as well as for 
asynchronous operation at a bit rate up 
to 9.6 kbit/s. One unit then provides two 
freely selectable digital channels 
(= 19.2 kbit/s), each occupying an 
8-bit time slot in the 2-Mbit/s signal. The 
functions and electrical characteristics 
of the interfaces are defined in 
CCITT Recommendations V.24 and 
V.28. The interchange circuits used are 
HOT, 202, 103, 104, 105, 106, 107, 108, 
109, 114 and 115. 


Telephone channel units 


The telephone channel unit contains the 
peripheral transmit and receive circuits 
for two telephone signals. In the trans- 


mit direction, the telephone signal pas- 
ses via a splitting jack and a level match- 
ing circuit to the codec filter device 
which contains the band-pass filter (300 
to 3400 Hz) and the single channel 
coder. Under the control of the trans- 
mit-side timing circuit, this special 
device passes a code word companded to 
8 bits (A-law) via bus circuits to the cen- 
tral multiplex section at the correct 
instant every 125 us. 


On the receive side, the codec filter 
device extracts the channel-related 8-bit 
code words from the 2-Mbit/s signal on 
the bus under the control of the receive- 
side timing circuit. After decoding and 
filtering by a 3.4-kHz low-pass filter, the 
original telephone signal is recovered 
and passed on after suitable level 
matching. 


For signaling purposes, the individual 
telephone channel is provided in each 
direction of transmission with a pair of 
terminals for signaling wires. The signal- 
ing condition at terminal S2lin is 
assigned to bit a and the condition at 
terminal S22in is generally assigned to 
bit b in the associated signaling word of 
the signaling frame. The procedure on 
the receive side is the reverse and the 
“ground potential” or “no ground 
potential” conditions are produced at 
terminals S2lout and if necessary 
S22out. 


There are different types of slide-in units 
available for the different applications 
(two-wire or four-wire version, fixed or 
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Multiplexing 


variable level setting, with or without 
signaling terminals). 


Supervision and alarm signaling 


In addition to the supervision functions 
recommended by CCITT, the super- 
vision slide-in unit provides a large 
number of switchable options to meet 
different customer requirements for 
alarm logic, displays and messages. 


The DSMX64K/2F (CRC4) multiplex 
unit supervises central functional sec- 
tions (e.g. clock supplies and exter- 
nal clock input), the alignment of the 
2-Mbit/s frame and signaling frame, the 
bit error ratio of the received 2-Mbit/s 
signal (alarm output at 10°-* and 10° 
or 10°°), AIS (alarm indication signal) 
or loss of signal at Flin (2 Mbit/s) and 
D2in (64 kbit/s) interfaces, and the 
service bits in the 2-Mbit/s and signaling 
frames. 


Detected errors and disturbances are 
indicated with LEDs and forwarded to 
the associated alarm signal panel. 


The DSMX64K/2F (CRC4) fulfills the 
AIS maintenance philosophy: the in- 
coming AIS is detected and indicated by 
flashing LEDs. If a fault occurs in the 
local unit and an incoming digital signal 
is lost, an AIS signal is transmitted in the 
corresponding direction thus preventing 
an alarm from being given in following 
supervision sections. 


Line terminating unit and power feeding 


A line terminating unit can be inserted 
in the DSMX64K/2F (CRC4) if. re- 
quired. In the transmit direction, this 
slide-in unit matches the level, shape 
and impedance of the signal to the trans- 
mission line. In the receive direction, 
the line terminating unit contains the 
terminal regenerator which equalizes, 
amplifies and regenerates the incoming 
signal. Its equalization circuit automati- 
cally adjusts to the line attenuation over 
a wide range. Regeneration is provided 
by amplitude and time decision circuits. 


If necessary, the power-feeding unit sup- 
plies the regenerative repeaters with a 
constant direct current via the phantom 
circuit of the wire pairs. The fault-locat- 
ing unit can be connected at a disconnect 
point in the line terminating unit and 
used to check all important route 
characteristics and to locate any faults. 
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Fig.6 Examples of applications for the AZG64K/2F digital branching unit 
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Digital branching unit AZG64K/2F 


Line networks with frequent branching 
and/or insertion or conference oper- 
ation, as required by railway and public 
power utilities, can be readily realized 
using the branching unit. 


Possible applications (Fig. 5) are as fol- 
lows: 


e Branching 

The required channels are extracted 
from the 2-Mbit/s signal and fed to the 
relevant outputs F2-1 (D2-1). Up to 
twelve freely selectable channels can be 
extracted from the incoming 2-Mbit/s 
signal, depending on their bit rates; 
since there is access to time slot 16, the 
switching signals for channels with chan- 
nel-associated signaling are also 
branched. Channels in the 2-Mbit/s sig- 
nal which are not affected by the branch- 
ing process are through-connected in 
transparent form and can be branched at 
other locations along the link. 


e Through-connection 

All channels which are not fed to out- 
puts F2-2 (D2-2) are through-connected 
unmodified. 


e /nsertion 

The corresponding channels are inserted 
in the 2-Mbit/s signal via the inputs F2-2 
(D2-2). The time slots released in the 
2-Mbit/s signal by branching can be 
reassigned. 


e Distribution 

As with branching, this involves the 
extraction of up to twelve freely select- 
able channels. Their information is also 
retained in the bit stream of the 2-Mbit/s 
signal, so that it remains available for 
the following locations along the link. A 
typical application is for channels pro- 
viding loudspeaker announcements at 
stations along a railroad line. 


e Conference operation 

This application involves the distribu- 
tion of telephone signals and the super- 
position of any telephone signals which 
may be inserted at the branching points. 


The AZG64K/2F branching — unit 
(Fig. 6) can be equipped with any type 
of peripheral channel card from the 
DSMX64K/2F (CRC4) multiplexer 
range to provide a maximum of twelve 
incoming and outgoing telephone or 
digital signals. In addition, two confer- 
ence channel interfaces can be used for 
two-wire connections. 
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Fig.7 DSMX64K/2F (CRC4) digital multiplex unit and AZG64K/2F digital branching unit 


Clock distribution 


When the AZG64K/2F is used in a 
synchronous network, it is necessary for 
data sources and sinks and the transmit 
and receive clock supplies of the branch- 
ing units to be synchronized, i.e. to have 
a common clock source (Fig. 5). 


The central clock source is a standard 
clock inset controlled by a high-preci- 
sion central frequency standard. This 
inset supplies digital multiplex unit 
DSMX64K/2F (CRC4) at location A 
with the standard clock via clock input 
T3. There is no standard clock equip- 
ment in locations B to E. The transmit 
clock supply for the data multiplexers in 
locations B and C is controlled by the 
clock derived from the 64-kbit/s receive 
signal. In location D, the DSMX64K/2F 
(CRC4) is supplied at T3in with the 
2048-kHz clock deviced from the stan- 
dard clock. In location E, clock loops 
are created in the data multiplexer and 
in the DSMX64K/2F (CRC4) so that the 
opposite direction from location E to A 
operates synchronously. 


If the incoming 2-Mbit/s signal 1s dis- 
turbed, the AZG64K/2F branching unit 
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switches the transmit unit to an adjust- 
able operating mode (employing an 
internal oscillator, the receive-side clock 
or external clock T3in). This allows the 
signals inserted in the following undis- 
turbed route sections to continue to be 
transmitted without restrictions. 


Mode of operation 


The branching unit has essentially the 
same functions as the DSMX64K/2F 
(CRC4), but without the CRC4 proce- 
dure, since this is not required in the 
applications for which the AZG64K/2F 
is designed. 


All types of the peripheral channel card 
for the digital multiplex unit can be used 
in the branching unit. There are also 
channel units available with two-wire 
connections and subscriber feed for pro- 
viding conference channels. Apart from 
providing selective and group calling, 
this slide-in unit can be used in conjunc- 
tion with an additional amplifier to con- 
nect a collective-calling loudspeaker for 
announcements. Priority users have the 
facility for breaking into an existing call. 
This channel unit can also be used in the 
DSMX64K/2F (CRC4) as a subscriber 
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terminating circuit to provide the option 
of a fixed point-to-point connection. 


Power supply 


Groups of four DSMX64K/2F (CRC4) 
or AZG64K/2F insets can be powered 
either from a central supply or on a 
decentralized basis from a built-in volt- 
age converter to suit customer require- 
ments. A fully equipped inset has a 
power consumption of between 4 and 
10 W, depending on equipment and oper- 
ating state. 


Mechanical design 


The multiplex unit and the branching 
unit each consist of a 500-mm high, 
style 7R equipment inset with plug-in 
slide-in units [5] in Eurocard format 
(100 x 160 mm). In the case of digital 
multiplexer DSMX64K/2F (CRC4), all 
the central slide-in units, except for the 
signaling multiplexer which can _ be 
replaced by a digital channel unit, are 
covered by a single front panel. Channel 
units and signaling multiplexers, on the 
other hand, have separate covers. While 
a multilayer backplane circuit board 
provides the internal wiring between the 


slide-in units, pin-contact strips provide ‘ 


the plug-in connection to the rack. The 
AZG64K/2F digital branching unit is of 
similar design (Fig. 7). 

The equipment insets are mounted in 
style 7R PCM30 racks. Each rack can be 
equipped with four insets and a central 
power supply as well as an alarm signal 
panel. The racks can be equipped with a 
mixture of DSMX64K/2F (CRC4) and 
AZG64K/2F. 
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Hans Koffler and Ernst Koob 


Digital Multiolex Units 
for8 and 34 Mbit/s 


Digital transmission systems require 
communication signals with a hierarchi- 
cal bit-rate structure, which in most 
countries (notably in Europe, Asia, 
South America and Australia) is based 
on 2 Mbit/s. Within this structure, four 
lower-level signals are progressively 
combined on a time-division multiplex 
basis to form signals with higher bit rates 
on the transmit side, the process being 
reversed on the receive side. This pro- 
duces 8- and 34-Mbit/s signals and in 
turn 140- and 565-Mbit/s signals, for 
which digital multiplex units (DSMX) 
are used to link successive multiplex 
levels. With the DSMX 2/34 it is now 
possible to skip one multiplex level: by 
incorporating the 8-Mbit/s level, this 
unit can combine sixteen 2-Mbit/s sig- 
nals to form a 34-Mbit/s signal. 


In this article the authors discuss the 
conceptual, functional and mechanical 
design of digital multiplex units DSMX 
2/8, DSMX 8/34 and DSMX 2/34. The 
rest of this range of systems is described 
in [1]. 


Dr.-Ing. Hans Koffler and 
Dipl.-Ing. (FH) Ernst Koob, 
Siemens AG, 
Transmission Systems, 
Munich 


Equipment design 


Fig. 1 illustrates the hierarchy of digital 
multiplex units and their versatility (the 
units described here are the colored 
blocks on the left-hand side of the 
figure). It shows how four plesiochron- 
ous input signals of one level and having 
the same nominal bit rate (deviations of 
+1.5 to 5 x 10°) are combined to form 
a digital signal at the next higher bit 
rate. The typical signal sources can be 
identified by the bit rates of the indi- 
vidual hierarchy levels, e.g. a digital 
switching unit (DX) or PCM multiplex 
unit (PCM 30). 


The advanced CMOS technology devel- 
oped and manufactured by Siemens is 
ideally suited to a multiplexer design 
offering a range of outstanding features: 


e enhanced reliability due to increasing 
integration of digital functions and a sig- 
nificant reduction in power dissipation, 


e improved cost-effectiveness due to 
reduced design complexity, 


® programmable, microprocessor- 
controlled supervision (specifically for 
the DSMX 2/34), 


e modular construction using interface 
modules of identical design, 


e interference suppression to 
VDE 0871 and FTZ standard. 


Pulse frame and clock alignment 


In all the digital multiplex units, the 
clock alignment required with plesio- 
chronous input signals is provided using 
positive justification. This method 
ensures that for each input signal there is 
a transmission channel with an approxi- 
mately 0.2% greater capacity available 
(as specified in CCITT Recommenda- 
tions G.742 and G.751 in [2]). A 
CCITT-recommended pulse frame is 
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Fig. 1 Hierarchy of the digital signal multiplex units 


used for time-interleaving the four 
2.048-Mbit/s signals to form an aggre- 
gate 8.448-Mbit/s signal (Fig. 2). This 
pulse frame embodies the particular 
requirements of positive justification. 
The 34-Mbit/s signal has a similar frame. 


The pulse frame is subdivided into four 
sets (in this case 4 X 212 = 848 bits) and 
contains not only the tributary bits but 
also additional bits for frame alignment, 
supervision and clock alignment. The 


frame alignment signal and the service 
digits are transmitted at the beginning of 
the pulse frame, the rest of the frame 
being reserved for the four indivi- 
dual, bit-interleaved signals. These are 
accompanied by justification control 
digits — likewise bit-interleaved — which 
have to be transmitted for each indi- 
vidual signal. This means that the 
8.448-Mbit/s signal contains up to 206 
tributary bits per pulse frame for every 
2.048-Mbit/s signal. 
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a @ Fiber-optic system 
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MStD Digital sound program circuit system 
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PCM Pulse code modulation 


Inside the tributary bit “packet” (TB) of 
set IV, bit positions 5 to 8 are allocated 
to the justification process. When justifi- 
cation is required, a justifying digit can 
be transmitted here instead of an infor- 
mation bit for the signal concerned. 


The individual-signal bit rates, which 
can vary freely within tolerance limits, 
determine the ratio in which consecutive 
pulse frames contain 206 or 205 informa- 
tion bits. 
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of 2-Mbit/s signals 1 to 4, bit-interleaved 
TB Tributary bits 


Fig.2 Pulse frame for 8-Mbit/s signals 


DSMX devices Demultiplexer 


Number of gate function 1530 1100 2200 

Chip area 28.9 mm? 22.2 mm? 38.2 mm?” 
Package DIL 40-pin DIL 48-pin DIL 48-pin 
Supply voltage SV 5V 5V 

Power requirement 23 mW, 109 mW 40 mW, 158 mW 45 mW, 171 mW 
Clock frequency 2 MHz, 8 MHz 8 MHz, 34 MHz 8 MHz, 34 MHz 
Technology 3 um ACMOS 3 um ACMOS 3 um ACMOS 


ACMOS 


Advanced complementary metal-oxide semiconductor 
Dual in-line 


Technical specification of the system building blocks 


Fig.3 System building block in ACMOS technology for the three functional units: 
buffer store, multiplexer and demultiplexer 


Equipment functions 


The most important system building 
blocks are implemented in three large- 
scale integrated CMOS circuits (Fig. 3): 


e Buffer store for the transmit and 
receive sides with HDB3 encoder and 
decoder (HDB3 high density bipolar 
of order 3): this device is designed for 
use with pulse frames of any format. The 
buffer size is 12 bits on the transmit side 
and 16 bits on the receive side, thus pro- 
viding a margin to accommodate gaps in 
the 2-Mbit/s and 8-Mbit/s timing. It 
additionally gives the DSMX 2/34 an 
input jitter tolerance of up to 10 unit 
intervals (UI). 


e Multiplexer with logic for framing and 
HDB3 encoding of the 8-Mbit/s and 
34-Mbit/s output signals. 


e Demultiplexer with logic for HDB3 
decoding, synchronization circuit and 
logic for frame removal, switchable 
between the 8-Mbit/s and the 34-Mbit/s 
frames. The bit error ratio of the incom- 
ing signal is calculated from disturbances 
in the frame alignment signal. The con- 
dition is additionally detected internally 
if no input signal is present due to a fault 
(NS), or the distant data source trans- 
mits an alarm indication signal (AIS) — 
i.e. “all ones” — due to local distur- 
bances. 


Table 1 lists the technical specifications 
of these system building blocks. 


Because of the effective way in which 
functions are distributed among the 
three devices and the ability to switch 
between the different frame structures 
of the 8-Mbit/s and 34-Mbit/s levels, the 
DSMX 2/8, DSMX 8/34 and DSMX 2/34 
multiplex systems can be implemented 
using only three types of device without 


DSMX 
devices 


Digital multiplex units 


a a 


DSMX_ Digital multiplex unit 
IC Integrated circuit 


Buffer- 
store [C 


Multi- 
plexer IC 


Demulti- 
plexer IC 


Table 2 Number of integrated circuits 
in the lower-order range of multiplexer equipment 
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Fig.4 Block diagram of the DSMX 2/34 digital multiplex unit 


circuit overlap. Table 2 shows the inte- 
grated circuits required for each system. 


It has thus been possible, for instance, to 
significantly reduce the size of the 
DSMX 2/8 and DSMX 8/34 multiplex- 
ers, with a corresponding reduction in 
their power dissipation. The multiplex- 
ers are of very similar design, each 
containing only two slide-in units in 
double Eurocard format (233.35 mm xX 
160 mm). 


Digital multiplex unit 
DSMX 2/34 


The cost-effectiveness of 34-Mbit/s 
transmission in the local network has led 
to the development of a digital multiplex 
unit DSMX 2/34. In this DSMX version, 
it has been possible to dispense with the 
interface circuits for the 8-Mbit/s level 


and the buffer stores on the 8-Mbit/s 
muldex (multiplexer-demultiplexer) unit 
(Fig. 4). However, the frame structure 
of the 34-Mbit/s signal as specified in 
CCITT Recommendation G.751 is 
retained, i.e. the DSMX 2/34 can 
replace the conventional hierarchical 
structure established via DSMX 2/8 and 
DSMX 8/34 equipment, while ensuring 
full compatibility [3]. 


Unlike conventional multiplexers, the 
timing signals of the lower (8-Mbit/s) 
level are also derived from timing signals 
of the higher level of the two-stage 
multiplexer. 


On the system side, the signals are writ- 
ten into and read out of the buffer stores 
for the 2-Mbit/s interface by gap timing 
signals containing the gaps in both the 
8-Mbit/s and 34-Mbit/s pulse frames. At 
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P Parallel data 

RG Regenerator 

S Serial data 

SUP Supervision 

SYN Synchronism 

T Timing signal 

TR Timing recovery 

VCO Voltage-controlled oscillator 
Y Phase detector 


the same time, the multiplexer device 
for the 8/34-Mbit/s level outputs a syn- 
thetic gap timing signal. At the justifi- 
able digit time instant, this timing signal 
contains gaps occurring at the same 
repetition rate as during operation at the 
nominal frequencies of the 8-Mbit/s 
and 34-Mbit/s levels. In practice, 
78 out of 179 frames are justified 
(78/179 = 0.4358), which approximates 
to the nominal system justification 
ratio of 0.436. 


Supervision concept 


In the lower-order multiplex units 
described here, a supervision concept 
has been realized for the first time which 
covers all the functions of the two-stage 
multiplexer and which allows the alarm 
priority to be customized. 
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Fig. 5 illustrates the alarm signaling flow 
in respect of the address, timing and 
data buses between the modules to be 
interrogated and the supervision mod- 
ule. In this arrangement, the supervision 
signals of each multiplexer module are 
stored in a shift register as 8-bit data 
words. The modules are interrogated 
in parallel via a common 4-bit-wide 
address bus. Each module compares the 
interrogation address with its own ad- 
dress and, if they coincide, switches a 
read timing signal from the supervision 
module through to the clock input of its 
own shift register. This timing signal 
causes the shift register to be read out 
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serially by the supervision module via 
the data bus. 

This concept simplifies the backplane 
wiring and saves plug contacts on the 
modules. On the other hand, all the 
signals are available, still unlinked, in 
the supervision module. This advantage 
is particularly significant with the 
DSMX 2/34. 

Of the four address bits, two are used to 
identify modules performing different 
functions (e.g. F2, muldex). These are 
permanently encoded on the modules. 
Duplicated function types, such as the 
F2 interface, are differentiated by the 
two remaining address bits, which are 


at 


“Interface” data block 


Supervision 


Microcontroller 


/-—— “Muldex” data block ——+1 


INT Internal alarm 
NS No signal at F2in 
SYN Synchronism 


Fig.5 Supervision concept for the DSMX 2/34 digital multiplex unit 
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Digital- 
multiplex 
units 


Measured jitter values 


DSMX2/8 <2% (>700 Hz) 
DSMX 8/34 <0.3% (>3 kHz) 
DSMX2/34 2.5 to 3% (>700 Hz) 


Table 3 Measured values for output signal jitter 
(in unit intervals UI) at the respective F2 interfaces 
(a) without high-pass filter and (b) with high-pass 
filter 


encoded via the backplane and hence 
dependent on the mounting position. 
Interrogation of the individual module 
positions also reveals if one is not as- 
signed. 


Approximately 50 functions are com- 
bined in a high-speed CMOS (HCMOS) 
microcontroller 80C31 and a separate 
main memory (32-kbyte CMOS 
EPROM) in the supervision module of 
the DSMX 2/34. Different alarm 
arrangements can be neatly imple- 
mented by exchanging the EPROM 
device. The supervision module can be 
removed or inserted during normal 
operation without interrupting service. 


Units of the multiplex systems 


The DSMX 2/8 and DSMX 8/34 multi- 
plexers contain the following  slide-in 
units: 


e a quadruple interface unit for four 
plesiochronous F2 input signals, incor- 
porating receive devices and buffer 
stores, 


e a muldex unit with an F1 interface 
circuit, 


@® asupervision unit and 
@® aseparate power supply unit. 


A DSMX 2/34 multiplexer contains a 
total of twelve units of which only six are 
different. These are: 


e four quadruple interface units identi- 
cal to those in the DSMX 2/8 unit, 


e four 8-Mbit/s muldex units 

(if required, 8-Mbit/s interface units 
can be used instead. This enables 

8448 kbit/s plesiochronous signals 
satisfying the interface requirements 
of CCITT Recommendation G.703 to 
be inserted into and extracted from the 
34.368-Mbit/s signal), 


e a muldex unit operating at 34 Mbit/s, 


e a 34-Mbit/s interface unit with a 
34.368-MHz master oscillator, 
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Fig.6 Digital multiplex units: (left to right) DSMX 2/8, DSMX 8/34 and DSMX 2/34 


@ amicroprocessor-controlled super- 
vision unit, 

@ a power supply unit which is also used 
in the DSMX 2/8 and DSMX 8/34 units. 


In the F2 interface, a PLL circuit with a 
Q factor of 60,000 ensures largely jitter- 
free output signals. Table 3 lists the 
measured values for zero input jitter. 


All the circuit components satisfy the 
most stringent reliability requirements, 
ensuring operability even under worst 
case conditions. Measurements have 


indicated a bit-error-free range (with 
margin) between —10 and +60°C for an 
internal operating voltage fluctuation of 
+ 10%. 

Overall, equipment complexity is re- 
duced from two insets in the DSMX 2/8 
multiplexer equipped with two sys- 
tems, plus an additional inset in the 
DSMX 8/34 unit (total height of 1.30 m) 
in the case of a hierarchical configura- 
tion, to a single inset in the DSMX 2/34 
multiplexer (total equipment height 
0.5m). 
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Mechanical design 


All the units are designed in style 7R 
with its characteristic narrow racks. The 
functional units of the multiplexers are 
each housed in an inset. They are pin- 
compatible with the previous versions 


(Fig. 6). 


Particular attention has been paid to 
compliance with the latest EMI require- 
ments in respect of radiated emission, 
susceptibility and _ electrostatic  dis- 
charge. 
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Digital Multiolex Units 
for 140 and 565 Mbit/s 


The range of systems for the 8-Mbit/s 
and 34-Mbit/s multiplex levels [1] has 
been extended to include multiplex units 
DSMX 34/140 and DSMX 140/565 for 
higher bit-rate signals [2]. These units 
enable 4480 and 41920 telephone 
signals, respectively, to be transmitted 
in the communication network at levels 
corresponding to the multiplex hierar- 
chy. As the 565-Mbit/s level presents a 
specific technological challenge due to 
the delays in the nanosecond range, the 
authors discuss the DSMX 140/565 in 
particular detail. 
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Digital multiplex unit 
DSMX 140/565 


The principle underlying the develop- 
ment of this unit is the integration of all 
its main logical functions into four emit- 
ter-coupled logic, very large scale inte- 
gration (ECL VLSI) devices (Fig.1) 
and parallel signal (pre-)processing at a 
quarter of the nominal bit rate. The bit 
length of the 565-Mbit/s signal of only 
1.7 ns and the delay of a commercially 
available ECL gate (including the wiring 
on a pe board) are thus virtually equal. 
The modular circuit design largely over- 
comes the cumulative effect of delay 
tolerances. A master clock controls the 
entire system. Gap timing signals are 
only generated in those integrated cir- 
cuits in which they are required. The 
four different VLSI devices are so 
designed that they can be used (on a 
switchable basis) in the two multiplexers 
in question. They perform the signal 
processing and conditioning functions in 
the elastic store, in the multiplexer, in 
the clock supply and in the synchroniza- 
tion unit (Fig. 1). 


As the elastic store performs a number 
of important functions, its description is 
particularly instructive for understand- 
ing the multiplexing principle involved. 


Elastic store 


On the transmit side, the buffer store 
(Fig. 2) is used for matching the incom- 
ing plesiochronous digital signals to the 
bit rate and structure of the pulse frame. 
As usual, positive justification is em- 
ployed [3]. For the DSMX 140/565, the 
CCITT-specified frame length (includ- 
ing the information bits additionally 
transmitted, i.e. the frame alignment 
signal, justification control bits and ser- 


vice bits) is selected such that on average 
663 data bits per channel are transmitted 
in 56% of all frames, and 662 data bits 
and one justifying bit in the remaining 
44%. The elastic store itself determines 
whether or not a justifying bit is to be 
inserted at a defined position in the 
frame in place of a data bit. Its justifica- 
tion control circuit supervises the write 
and read addresses. 


On the transmit side the plesiochronous 
data stream is therefore written continu- 
ously into the elastic store, but read out 
intermittently, as the read timing signal 
is inhibited at the time instants at which 
the above mentioned additional infor- 
mation bits have to be inserted into the 
frames. Fig.3 shows how the write and 
read addresses change in relation to one 
another over the length of the frame. 
The upper line represents the write 
address (WA6) and the zigzag line repre- 
sents the corresponding read address 
(RA4). Owing to the gaps in the read 
timing signal referred to above, the in- 
terval between the write and read ad- 
dress is further increased in the case 
of the frame alignment signal by 3 bits 
(12 bits/4) and in the case of the other 
gaps by 1 bit. However, the read address 
continuously fills up these gaps to com- 
pensate for the higher frequency of the 
write timing signal (f = 564.992/4 = 
141.248 MHz), to the extent that after 
on average 2 (or more precisely 2.28) 
frames, the justification control bit 
threshold is again exceeded and a Jjus- 
tifying bit is inserted in the subsequent 
frame. Because the bit streams are 
divided between two paths, as shown in 
Fig.2, only 6-bit address counters are 
required for a 12-bit storage capacity. 
This has the added advantage of reduc- 
ing the proportion of time-critical logic 
elements. 
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CMI 
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140 Mbit/s 

CMI 
Pp Phase detector 
A,AZ ~~ A-alarm 
AIS Alarm indication signal 
B, BZ B-alarm 
BIN Binary code 
CkR Clock recovery 
CMI Coded mark inversion 
D D bit 


F2 interface 4 


NS 
| 


Error rate 


Gap timing signal 
Integrated circuit 


Internal alarm 


Justification service digit 


N bit 
No input signal 
Parallel data 


Fig. 1 Functional diagram of digital signal multiplex unit DSMX 140/565 


a Transmit inset 
b Receive inset 
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565 Mbit/s 
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‘bi Timing signal 
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DI 

SNT 

P 

| 

SU 

TW 

TR 
AIS Alarm indication signal 
CPLL Control signal for PLL 
DI Data input 
DJI Data justification information 
DO Data output 
r Pulses 
RA Read address 
SAIS Signal AIS 
SBO Buffer overflow signal 


DO 


SAIS 


SHIG 
SLOW 


CPLL 


TR4 


DJI 


SBO 


SHIG “Signal high” level 

SLOW “Signal low” level 

SNT “No timing signal” signal 

f Timing signal 

TR Read timing signal 

TR4 Read timing signal, divided by four 
TW Write timing signal 

WA Write address 


Fig.2 Data and signal paths in the LSI elastic store device 


At the receive end of the digital link, the 
plesiochronous data of the four channels 
are recovered from the multiplexed sig- 
nal. This operation is performed in the 
“synchronization” device by: 


e detecting the start of frame and 


e breaking down the incoming signal 

into its four components in the “elastic 

store” device (Fig. 2) by: 

o evaluating the justification service 
digits, 
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© generating the write gap timing signal 
for the elastic store, which is changed 
over to the “receive side” mode by 
signal SU and 


oO generating the continuous read timing 
signal. 


The latter step is carried out by a PLL 
circuit outside the device. This circuit is 
controlled by the write and read addres- 
ses WA6-RAS and the phase detector 
(see below). 


Address interval 


Write address 


1Fra ie __ Justifying bit request 
me | y__Read address 
5 
4 
) 
6 


Reading with gaps for FAS, ICB, SB and JB 


Justification control bit threshold 


FAS Frame alignment signal 
JB Justifying bit 

JCB Justification control bits 
SB Service bit 


Fig.3 Interval between write and read addresses 
as a function of time in the transmit-side elastic 
store of the DSMX 140/565 


Supervisory functions 


Of particular note is the way in which 
optimum use is made of the storage cells 
in the elastic store device in the func- 
tional entity, “justification control bit 
evaluator.” Here, in the “transmit side” 
mode, the incoming digital signal (DI) is 
additionally monitored to determine its 
proportion of zeros. If this amounts to 
=0.1%, an external evaluation circuit 
decides via the SIAS signal whether an 
AIS (alarm indication signal) has been 
received. The multiplex unit is notified 
of an internal functional disturbance of 
the next lower hierarchical level in the 
usual way by receiving an AIS (all- 
ones). If required, the “store overflow 
supervision” unit performs a further 
supervisory function. 


PLL circuit 


On the receive side, the process is 
reversed: the multiplexed signal is bro- 
ken down again such that the sum of the 
pulses of the resultant write gap timing 
signal precisely matches the bit rate of 
the plesiochronous signal to be transmit- 
ted. A PLL circuit is used to derive the 
continuous read timing signal from the 
gap timing signal by averaging. 


External correction using a timing signal 
of twice its frequency (278.528 Mbit/s) 
ensures the tightly toleranced pulse 
shape of the 139.264-Mbit/s CMI (coded 
mark inversion) signal. This frequency is 
recovered in a double PLL arrangement 
(Fig.4) in which the write gap timing 
signal (564.992/4 MHz) is used as a 
reference frequency with respect to 
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the elastic store. lt one PLL circuit, a 
voltage-controlled crystal oscillator 
VCO1 (bandwidth 200 Hz, locking 
range + 30 ppm) provides the CCITT- ____Bufferstore VCO 1 
specified jitter reduction. For produc- Gap timing signa | 
tion engineering reasons, 34.816 MHz nce a 
(3rd harmonic) has been selected as its 
frequency. In a second PLL circuit 
incorporating a voltage-controlled LC 
oscillator VCO2 (bandwidth approxi- 
mately 1 MHz, locking range +1%), 

the above mentioned frequency of 
278.528 MHz is obtained by multiply- 

ing the VCO1 frequency (34.816 MHz) — 
by a factor of eight. 


Clock supply 


In this device, all the time information 
required for establishing the pulse frame 
in the transmit direction and for remov- 
ing it in the receive direction is derived 
from the master clock and applied to the 
devices in the form of individual pulses 
(Fig. 1). 


~ Phase detector 


Multiplexer 


This functional unit provides the pulse 
frame for transmitting 565-Mbit/s sig- 
nals. In addition to the data bits of the 
four channels, a frame alignment signal, 
service bits, justification control bits for 
the individual channels and justifying 
bits, if required, are also inserted. All 
the bits apart from the frame alignment 
signal are scrambled by a seven-stage, 
reset scrambler. This allows simple AMI 
(alternate mark inversion) encoding of 
the data signal. 


ee 
gd rs 
wed 


Thin film circuits 


The circuit sections operating at high bit 
rates (AMI encoder, decision circuit) 
are implemented as thin film circuits on 
ceramic pc boards. This technology 
combines the high degree of stability 
and reproducibility of the substrate’s 
electrical and mechanical properties 
with the circuit miniatur ization requir ed Fig.5 Principle of parallel-serial conversion 
at these high frequencies. Owing to the 5, she VLSI device: 

excellent RF properties of the chips, the a_ Initial situation: four parallel data streams 


circuits are extremely reliable in opera- with a bit length of 7 ns 
tion. b Delay (1) by 1.7 ns 

c Bit-length halving 

On the PC board (PCB): 


Processing 


the 565-Mbit/s data stream d_ Linking of two channels 


; ; ; On the film circuit: 
Parallel-serial conversion in the transmit ¢ Further bit Aeniathh bralvlag 


direction takes place partly ona film cir- f Linking to the 565-Mbit/s serial stream 
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34.816 MHz 


34.816 MHz 


159.264 MHz 


Film circuit 
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VCO 2 
278.528 MHz 


| ee 


VCO __ Voltage-controlled oscillator 
Fig.4 Functional diagram of the double PLL circuit in the DSMX 140/565 


cuit. It is performed in three stages with 
appropriate rate adaptation (Fig. 5): 


e The bits are delayed and halved in 
length in the VLSI device, 


e interleaved pairwise on the pc board 
and 


e finally adjusted to the bit length 
corresponding to 565 Mbit/s in the 
thin film circuit. 


This serial data stream is then amplified 
and AMlI-encoded such that the “ones” 
in the serial data stream are transmitted 
alternately as positive and negative volt- 
age pulses. This provides a signal which 
is easily generated particularly at high 
bit rates and with no dc component at 
the line terminating unit. 


This polarity reversal of the ones takes 
place in two stages: 


e Conversion of the binary signal to a 
differential binary signal in which the 
logical one is represented by a change of 
state but the logical zero retains the 
same binary state. 


e Feeding of this signal into a parallel 
circuit comprising the outgoing line and 
a shorted 4/2 stub. 


After a 0-1 change of the differential bi- 
nary signal, the arrangement described 
above generates a positive pulse, or af- 
ter a 1-0 change, a negative pulse 1.7 ns 
long and thus the required AMI signal. 


In the receive direction a decision unit 
converts the AMI signal to binary data. 


oo 


Multiplexing 


Fig.6 Digital multiplex insets (from left to right): 


DSMX 34/140, DSMX 140/565 (transmitter) and DSMX 140/565 (receiver) 


Power supply 


Multiplex units DSMX 34/140 and 
DSMX 150/565 are fed from separate 
power supply insets which can be oper- 
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ated from a nominal station battery volt- 
age of either 48 V or 60 V. The very 
different power dissipations of the multi- 
plexers make it necessary to adopt dif- 
ferent design solutions. 


[2] Beetz, H.; Gasser, K.; Junghardt, H.; 
Magerl, J.: Digital Multiplexer Family 
Expands its Horizon. New Generation for 
2 to 565 Mbit/s. telcom report 9 (1986), No. 5, 
pp. 261 to 267 


Mechanical design 


The units are designed in style 7R with 
its characteristic narrow racks. The func- 
tional unit of the DSMX 34/140 multi- 
plexer is accommodated in one inset, 
whereas the DSMX 140/565 consists of 
one transmit and one receive inset due 
to the circuit complexity and higher 
power dissipation (Fig.6). The indi- 
vidual slide-in units of the DSMX 34/140 
are wired together using a backplane pc 
board in the inset and multi-contact con- 
nectors. The DSMX 140/565 multiplexer 
is wired differently in that unshielded 
twisted pairs are employed. The signifi- 
cant advantage of this is that no noise 
voltages are produced because no bal- 
ancing currents are flowing via common 
ground connections. 


Mounting the circuits on six-layer pc 
boards provides the following advan- 
tages: 


e The supply voltages can be applied 
to the active components via very low 
impedance potential layers. 


e Acapacitor effective up to the 
gigahertz range is formed between the 
layers, so that very few decoupling 
capacitors are needed and the signals are 
therefore free from noise voltages. 


e Signal connections between the indi- 
vidual devices can be established by 
leads of defined characteristic impe- 
dance. Due to the steepness of the pulse 
edges, reflections at the line termina- 
tions would otherwise be unavoidable. 


The advantages of this type of design are 
reflected in the performance of the sys- 
tem. For example, the inherent jitter at 
connection “T out” is typically as low as 
0.015 unit intervals (1.5% of a bit). 


[3] CCITT Red Book, Vol. III - fascicle H1.3, 
Rec. G.703, G.742, G.751. International 
Telecommunication Union, Geneva 1985 
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/elevision Signal Processing 
for 140-Mbit/s Links 


Television signals are nowadays trans- 
mitted mainly in analog form via radio 
relay, satellite and cable systems. How- 
ever, the “digital” communication net- 
work is evolving so rapidly that it is pos- 
sible and indeed necessary to exploit the 
advantages of this medium for TV trans- 
mission also, even though studios will 
not be transmitting digital signals for the 
foreseeable future. Transmission will 
therefore have to continue on the basis 
of the present PAL, SECAM and NTSC 
television systems with their respective 
variants, such as a different number of 
lines and different picture (frame) fre- 
quencies. These systems employ a com- 
posite color video signal containing not 
only the video signal but also all the sig- 
nals required for synchronization, as 
well as the control signals for home 
video recorders and teletext, test signals 
and in some cases a “sound in sync”’ sig- 
nal inserted in the synchronizing pulses 


[1]. 


Separate transmission of the three com- 
ponents of a television signal, namely 
the luminance signal, Y, and the two 
chrominance signals, U and V, is ac- 
knowledged to provide optimum picture 
quality. However, as the coding process 
would involve splitting up the composite 
color signal into its separate components 
prior to transmission and recombining 
them at the receive end, the quality 
would be so impaired as to cancel out 
the advantages of separate-component 
transmission. Furthermore, all the add1- 
tional signals would have to be extract- 
ed, which would require considerable 
circuit complexity. 


Dipl.-Ing. Franz Hornung and 
Ing. Friedrich Schalamon, 
Siemens AG, 

Transmission Systems, 
Munich 


For these reasons, composite coding 
offers the optimum solution in terms of 
transmission quality and cost for today’s 
television signals. This approach has 
also been adopted for the TV 140-Mbit/s 
digital system described here (Table 1). 
For transmission the bit rate of the 
fourth-order CCITT hierarchy level, 1.e. 
139264 kbit/s (140 Mbit/s for short), has 
been selected in order to allow pulse 
code modulation (PCM) with uniform 
quantizing to be employed. This level 
was chosen because methods for reduc- 
ing the transmission capacity to the next 
lower standardized transmission rate of 
34368 kbit/s (e.g. using DPCM) have 
been found to cause a significant loss of 
quality when composite coding 1s used. 


Although CCITT recommendations 
aimed at complete standardization of 
television signal coding are still in prepa- 
ration, all the relevant existing recom- 


Video signal 
Input and output signal 


Transmission bandwidth 
Level 


Coding 

Type of coding 

Sampling frequency 

Pixels per television line 

Bits per pixel 

Bits per pixel for error protection 
Line identifier 

Video data stream 


Multiplexer 
Digital channels 


Interfaces 
Transmission bit rate 
Frame 


mendations have been taken into 
account in the TV 140-Mbit/s digital sys- 
tem described below. 


System design 


The transmission bandwidth for the 
video signal is 6 MHz, thus enabling all 
the color TV signals currently in use to 
be processed. The sampling frequency 
of 13.5 MHz corresponds to the lumi- 
nance sampling rate already planned for 
future “digital” TV studios. This fre- 
quency is locked to the line frequency 
and is thus in a fixed relationship to 
the color subcarrier frequency. Conse- 
quently, the weak interference signals 
due to quantizing during analog-digital 
conversion appear motionless in the pic- 
ture and remain virtually invisible. An 
exception, however, is the SECAM sig- 
nal which uses two color subcarriers 
which are periodically alternated. CCIR 


Composite color video signal: 
PAL, (SECAM), 

NTSC 

6 MHz 

1 V (peak to peak), margin 3 dB 


Composite 
13.5 MHz 
864 
9 
1 
6 bits 
135 093.75 kbit/s 


1 X 2048 kbit/s 

1 x 1024 kbit/s 

1x 64 kbit/s optional 

CCITT Recommendation G.703 
139 264 kbit/s 

CCITT Recommendation G.751 


Table 1 Principal technical data for the TV 140-Mbit/s digital system 
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2928 bits (fp = 47.56 kHz) 
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M1/eee M68 
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(D1,D2,D64) (D1,D2) 
Di 1-Mbit/s data JSB Justification service bits 
D2 2-Mbit/s data M Multiframe data 
D64 64-kbit/s data SB Service bits 
FAS Frame alignment signal V Video data 
JB Bits from tributaries available for justification 
Fig. 1 Frame structure for digital transmission of 140-Mbit/s television signals 
Input signal 
Composite color signal 
WS 2000 mV = 512 ) 
1Vop SW : =9 bits 
2mv— iJ 
Line n 864 samples 
| per line 
| M> 
| 
Vv > 
DS2 > 


DS1 

DS64k >— 
A, AZ A alarm CMI CMI code (coded mark inversion) 
A/D Analog/digital conversion DS1 1-Mbit/s digital signal 
AMI AMI code DS2 2-Mbit/s digital signal 

(alternate mark inversion) DS64k 64-kbit/s digital signal 

By, BZ B alarm DS140 140-Mbit/s digital signal 
BIN Binary code EP Error protection 
Bl. Block FAS Frame alignment signal 


Fig. 2 Basic transmit-end functions of the TV 140-Mbit/s digital system 


Recommendation 601 specifies quantiz- 
ing with 8 bits per sample. However, as 
the composite color signal already has 
one third of its maximum amplitude 
allocated to the synchronizing pulses 
and an overload margin of 3 dB 1s pro- 
vided, a 9-bit quantizing resolution 1s 
used for analog-digital conversion. 


Bit errors may occur on the transmission 
route, possibly causing the luminance 
and color of the pixel affected to be 
completely falsified. Although the bit 
error ratio (BER) on today’s long-haul 
links is very small, nevertheless bit 
errors may occur for brief periods (e.g. 
due to fading on the radio relay circuit). 
For example, with a BER of 1x 10°, 
five pixels out of the approximately 
500000 present in each complete frame 
would be affected. Consequently, each 
code word is assigned a tenth bit for er- 
ror correction. Consecutive code words 
comprising the five most significant bits 


Basic frame 
per CCITT Rec. G.751 
1 2928 
BL1 BL2 BLS Bl. 73 
MTT 2]--- 
Vi V V 
FAS,SB Mi M2 M68 
) 
DS 140 


=i G <7 
OME (2.048 MHz) 


OY) 13 


Alarms 


A, AZ 

> B Bz 
G Generator 
HDB3 HDB3 code (high density bipolar of order 3) 
M Multiframe data 
MUX Multiplexer 
SB Service bits 
r Timing 
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Basic frame Video frame (length 64 us) Signal 
per CCITT Rec. G.751 . Composite color signal 
1 2925 «1 8646 

Bl.1 Bl2 BL3 BI. 73 
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864 samples 
per line 


F185 
Als | Be 
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A, AZ A alarm DS1 1-Mbit/s digital signal HDB3 HDB3 code (high density bipolar of order 3) 
A/D Analog-digital conversion DS2 2-Mbit/s digital signal M Multiframe data 
AMI AMI code (alternate mark inversion) DS64k 64-kbit/s digital signal S Sample 
BIN Binary code DS140 140-Mbit/s digital signal s/P Serial/parallel converter 
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D/A Digital-analog conversion FAS Frame alignment signal bY Timing 
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Fig.3 Basic receive-end functions of the TV 140-Mbit/s digital system 


and the error protection bit are com- 
bined to form a block in accordance 
with the Iwadare code. This enables 
mutilated words within a block to be 
detected and corrected at the receive 
end if no more than 20 errors per block 
have occurred. 


Subjective tests have shown that limiting 
correction to the five most significant 
bits provides optimum protection 
against bit errors, provided the frame 
alignment circuits in the receive demod- 
ulator are extremely tolerant of high 
BERs. This has been achieved for the 
video frame, for instance, by means of 
an integrating alignment process extend- 
ing over several frames, by suitably 
selecting the frame alignment signal and 


extracting it using a time window with a 
+1 bit adjustment for equalizing slips in 
the video frame. The entire video data 
stream including error correction and 
alignment bit amounts to 135093 kbit/s. 
In the multiplexer, the video data 
stream is combined with three more data 
channels which can be used for sound 
program transmission and other pur- 
poses to form the 139264 kbit/s signal. 
In order to ensure compatibility with 
existing digital transmission equipment, 
the basic parameters specified in CCITT 
Recommendation G.751, such as data 
rate, frame length and frame alignment 
signal, have been adopted [2]. 


The frame structure is as shown in Fig. 1. 
The basic frame, beginning with a 12-bit 
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frame alignment signal and a 4-bit ser- 
vice word, contains the recommended 
2928 bits with a frame repetition fre- 
quency of 47.56 kHz. 2844 bits of the 
basic frame, including the three justifica- 
tion service bits (JSB) and the justifying 
digit (JB), are used for video signal 
(V) and the remaining 68 bits (M1 to 
M68) for transmitting data signals D2 
(2 Mbit/s), D1 (1 Mbit/s) and D64 
(64 kbit/s). The three data channels are 
combined in a premultiplexer to form a 
680-bit multiframe extending over ten 
periods of the basic frame. 


The multiframe begins with an 8-bit 
frame alignment signal, followed by (in 
blocks) the three data streams, D2, D1 
and D64, the justification service bits 
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Fig.4 Insets of the TV 140-Mbit/s digital system for transmitting and receiving digital video signals 


(JSB) and the justifiable digits (JB) for 
D2 and D1. In order to ensure that the 
octet structure of the 64-kbit/s data can 
be recovered as simply as possible, these 
data are only split into 4-bit words. 


Mode of operation 


The transmission system consists of the 
TV 140-Mbit/s insets “transmit” and 
“receive.” Figs. 2 and 3 show the main 
functions of the transmit and receive 
equipment. 
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Transmit equipment of digital system 
TV 140 Mbit/s (Fig. 2) 


The composite color video signal with 
a nominal input level of 1V (peak to 
peak) across 75 Q is first fed to the video 
clamping amplifier which combines the 
functions of overvoltage protection, ca- 
ble frequency response equalization, iso- 
lation, gain control, clamping and pulse 
clipping. The cabling equalizer compen- 
sates the frequency responses of cable 
lengths up to 130 m in 10-m increments. 


Bit error ratio 
after correction 
at receiver output 


Bit error ratio 
at receiver 
input 


Table 2 Effect of error correction 
using Iwadare code 


The input is floating to prevent hum 
pickup. A special transformer provides 
isolation and is configured so as to allow 
very low frequencies down to 0.1 Hz to 
be transmitted. The gain of the clamping 
amplifier can be adjusted by + 2.5 dB in 
Q.5-dB increments to correct input levels 
deviating from the nominal value. Due 
to the isolation provided, the dc compo- 
nent of the television signal is not trans- 
mitted and must therefore be restored in 
a clamping circuit. The clamping process 
uses the black level at the color-burst 
position, as this is the only position in all 
the TV standards which is not loaded 
with additional signals (e.g. teletext, in- 
sertion test signals, digital stereo sound, 
etc.). The reference signal for locking 
the 13.5-MHz timing oscillator is also 
derived from the line sync pulse clipper 
for the clamping circuit. Spurious har- 
monics and frequencies of the video sig- 
nal are suppressed by a low-pass filter 
with a cutoff frequency of 6 MHz. The 
following analog-digital converter con- 
verts the analog video signal into 9-bit 
code words. This is performed by a flash 
coder with 9-bit quantizing resolution 
corresponding to 512 amplitude steps. 


Each line of the composite color signal 
contains 864 pixels, the amplitude of 
each being represented by a 9-bit code 
word. 


The dynamic range of the converter 1s 
2 V (peak to peak). However, as a 3-dB 
overload margin for variable input levels 
must be provided, the usable dynamic 
range for the composite color video sig- 
nal is 1.4 V (peak to peak). The signal- 
to-noise ratio (S/N) is evaluated purely 
on the basis of the amplitude of the pic- 
ture content. This measures 1 V (peak to 
peak) after subtracting the sync pulse 
amplitude. The noise is mainly deter- 
mined by the quantizing noise resulting 
from the 512 amplitude steps and 
amounts to +1.95V at 2V (peak to 
peak) maximum drive. Adding the 
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7.4 dB flat noise (CCIR Recommenda- 
tion 567, unified weighting characteris- 
tic), this gives a video S/N of 64.1 dB. 
The 13.5-MHz sampling frequency 
required for analog-digital conversion is 
the mathematical product of line fre- 
quency and pixels per line. It is gener- 
ated in a voltage-controlled 13.5-MHz 
crystal oscillator operating as a phase- 
locked loop (PLL) and is locked to the 
line frequency. If the latter deviates 
from its nominal value by more than 
A fif=10~*, lock is lost and sampling is 
not synchronous with 13.5 MHz + 10“. 


Following analog-digital conversion, the 
coded 9-bit words are fed via an error 
protection circuit (5.6 Iwadare code) and 
converted to 10-bit words. These words 
are written into an elastic store 10 bits 
wide by 4 bits deep at 13.5MHz. The 
read timing signal of this store contains 
gaps for inserting the video frame align- 


ment signal, justification service digits 
and multiframe data. The read timing 


signal frequency is generated in a 
139.264-MHz oscillator (G) and can be 
locked to an external standard frequen- 
cy (T3) of 2048 kHz. The oscillator out- 
put signal drives the timing signal gener- 
ator which provides the gap timing sig- 
nals for the basic frame, video frame and 
multiframe. As the write and read fre- 
quencies are derived from different 
sources, alignment is established using 
positive justification with the aid of the 
store. The status of the store is moni- 
tored and this information is used to 
derive the justification service digits for 
indicating a valid or invalid data bit. 

The elastic store is followed by a multi- 
plexer in which the parallel signal is con- 
verted to a serial 139.264-Mbit/s signal 
with the insertion of the frame align- 
ment signal and service word and of the 
DS2, DS1 and DS64K data from the 
2-Mbit/s, 1-Mbit/s and 64-kbit/s inter- 
faces, these having previously been com- 
bined in the 3-Mbit/s multiframe multi- 
plexer. As the multiplexer for the multi- 
frame is controlled by a PROM (pro- 
grammable read-only memory) device, 
it can be readily adapted to changing 
input signals. In the interface, the 
139.264-Mbit/s signal still in binary- 
coded form is converted to coded mark 
inversion (CMI) code for transmission in 
accordance with CCITT Recommenda- 
tion G.703 and is then available at two 
75-Q outputs with a level of 1 V (peak to 
peak). Important functions are moni- 
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Fig.5 Test card for TV program transmission with the TV 140-Mbit/s digital system 


Fig.6 CCIR test line No. 17 for TV program transmission with the TV 140-Mbit/s digital system 


tored and indicated on a display panel 
using LEDs. The alarm signaling mod- 
ule is used for inserting an alarm indica- 
tion signal (AIS) and for transmitting 
the indication via relay contacts. If the 
video input signal is not present, the 
black level is transmitted instead of the 
video signal. 


Receive equipment of digital system 
TV 140 Mbit/s (Fig. 3) 


The incoming CMI-coded 139.264-Mbit/s 
signal is fed to one of the two switch- 
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able Fl inputs of the interface with a 
characteristic impedance of 75@. The 
preceding line may exhibit an attenua- 
tion of up to 12 dB at 70 MHz (half the 
bit rate). This attenuation is compen- 
sated by a fixed equalizer incorporated 
in the equipment. The CMI signals are 
converted to binary form; the 140-MHz 
timing signal for driving the central 
clocks (T) is recovered. A clock supervi- 
sion unit notifies the circuits for display- 
ing and transmitting indications and 
alarms if no signal is present at input F1. 


65 


Multiplexing 


The 139.264-Mbit/s binary signal is then 
applied to the first demultiplexer which 
reduces the bit rate to 4 x 34 Mbit/s 
using one of the proven large scale in- 
tegration (LSI) synchronizing devices, 
searches for the frame alignment signal 
of the basic frame and, once alignment is 
achieved, removes the multiframe data 
(M) from which the multiframe fre- 
quency is derived in a second so-called 
multiframe demultiplexer. 


Following synchronization to the 8-bit 
frame alignment signal and removal of 
the justification digits, the demulti- 
plexed DS1, DS2 and DS64K data are 
written into the associated elastic store, 
still with an irregular gap timing signal 
(GTS), in accordance with the frame 
structure. A  voltage-controlled oscil- 
lator (VCO) derives from this signal a 
uniform read timing signal with which 
the DS1 and DS2 data recoded from 
binary to HDB3 (high density bipolar of 
order 3) or the AMI-coded (alternate 
mark inversion) DS64K data are trans- 
mitted to the outputs of the interfaces. 


After removal of the multiframe data 
(M), the video data from the 34-Mbit/s 
signal are reconverted to 139.264 Mbit/s. 
10-bit code words are created by a serial- 
parallel converter which is supplied with 
the required timing signals by the central 
clock in the same way as the demulti- 
plexer. In the video framing module, a 
search is conducted for the 6-bit video 
frame alignment signal. Once alignment 
is established, the 10-bit words are writ- 
ten into the elastic buffer store (10 bits 
long by 4 bits deep) with the 13.926- 
MHz gap timing signal (GTS 13.5). The 
justification digits are then extracted and 
the 10-bit parallel data are read out by 
the uniform read timing signal (T 13.5) 
of 13.5 MHz. As described earlier, the 
read timing signal is generated in a vol- 
tage-controlled oscillator (VCO) by 
phase comparison with the write timing 
signal. 


As shown in Table 2, the following error 
correction circuit (EC) removes any bit 
errors present and transfers the data sig- 
nal, which is reduced from 10 to 9 bits by 


Parameter Recommendation Transmission system 
per CCIR Rec. 567 TV 140 Mbit/s 
for 2500 km typical value 

Input and output level 1 V (peak to peak) 1 V (peak to peak) 
Input and output impedance 75 Q 
Return loss > 30 dB > 30 dB 
Transmission frequency range 0 to 5 MHz 0 to 6 MHz 
Signal-to-noise ratio 

10 kHz to 5 MHz (weighted) > 53 dB > 60 dB 

<1 kHz (unweighted) > 35 dB > 48 dB 
Static nonlinearity <5% <3% 
Differential amplitude DG <12% <4% 
Differential phase DPH <6% <2% 
Intermodulation IM <3% <1.6% 

IM 20T <3% <1% 

Tilt 

50 Hz DS50 <6% <1% 

15 kHz DS15 <3% <1% 
2T pulse amplitude D2T <12% <3% 
Color subcarrier amplitude F20T <10% <3% 


Ji 
Bounce test errors BTF 


Table 3 Typical video transmission parameters of TV 140 Mbit/s digital system 
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removing the correction bit, to the digi- 
tal-analog converter. As the linearity of 
the converter used is 10 bits, it has been 
possible to achieve a higher resolution 
with small linear and non-linear distor- 
tions. The analog composite color video 
signal leaving the converter is fed via a 
6-MHz low-pass filter whose function 1s 
to filter out the sampling frequency and 
the mixing products (folding) caused by 
sampling. The frequency response and 
the group delay are equalized within the 
transmission range. After the low-pass 
filter the composite color video signal is 
amplified to the nominal output level of 
1V (peak to peak) across 75 Q in the 
video amplifier. 


A cabling equalizer can be connected 
before the output jack in order to equal- 
ize the frequency responses of cables up 
to 130m in length. The output is over- 
voltage-protected. 


In the alarm signaling unit, all the impor- 
tant functions are indicated by LEDs. 
Disturbances are signaled via A, A2, B, 
B2 and ZA contacts. 


Mechanical design 


The transmitter and receiver modules 
are accommodated in separate style 7R 
insets 600mm high and weighing 10kg 
[3]. Fig.4 shows the RF-shielded me- 
chanical design which has been devel- 
oped to meet radiated emission require- 
ments per DIN VDE 0871 and VDE 
0878 (Class B) and to provide protection 
against electromagnetic interference 
from external sources. All the signal in- 
puts and outputs are of coaxial design 
with 1.6/5.6 connectors; the power sup- 
ply connections are routed to the mod- 
ules via feedthrough filters. However, in 
order to allow the heat due to the 
approximately 30-W power dissipation 
per inset to be removed, air inlet slots 
are provided in the base and air outlet 
holes are provided at the top of the front 
panel. In the inset the modules are 
mounted vertically in the air flow, with 
air slots additionally provided between 
the individual levels. This design ensures 
that the excess temperature inside the 
inset does not exceed +15°C, thereby 
guaranteeing full operability at ambient 
temperatures between 0 and 40°C. The 
dimensions of all the air vents have been 
selected such that the Faraday cage 
effect is maintained for the frequencies 
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likely to be encountered. Only the mod- 
ules in which analog signals are proces- 
sed are installed in completely shielded 
frames. The digital modules are merely 
shielded at the back to protect the con- 
ductor paths, while the component side 
is exposed to the cooling air. The high- 
frequency timing signal and data links 
between the modules are mainly of co- 
axial or twisted-pair design. 


Electrical characteristics 


For video transmission, the system con- 
forms to all the parameters defined in 
CCIR Recommendation 567 relating to 
the 2500-km hypothetical reference cir- 
cuit. As the entire composite color video 
signal is transmitted, it is possible to use 
standard video testing procedures — in- 
cluding the insertion test signal method. 
Fig.5 illustrates the excellent transmis- 
sion quality achieved. Further quality 
characteristics are shown by the CCIR 
No. 17 test line in Fig. 6. 


Table 3 compares typical transmission 
parameters of the TV 140-Mbit/s digital 
system with those defined in CCIR 
Recommendation 567. Note particularly 
the very good video-weighted signal-to- 
noise ratio and the low distortion pro- 
vided by the 9-bit quantizing resolution. 
Transmission is possible with bit error 
ratios up to > 10°? without loss of align- 
ment. Consequently, disturbances are 
minimized even if bit errors occur on the 
intervening transmission routes (e.g. in 
the case of fading in the radio relay 
system). 


Digital transmission at 2048, 1024 and 
64 kbit/s meets all the interface condi- 
tions specified in CCITT Recommenda- 
tion G.703; the design of the 1024-kbit/s 
connections has been based on the 
requirements for 2048-kbit/s signals. 
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Sound Program Signal 
Processing with the 


MStD Digital Sound 
Program Circult System 


Digital sound program circuits are being 
increasingly provided not only for sound 
program transmission between sound 
broadcast and TV studios on the one 
hand and transmitters on the other, but 
also for international program ex- 
change. The digital sound program cir- 
cuit system described here is based on 
many years’ experience with “analog” 
sound program transmission [1]. The 
equipments comprising this system can 
be used for both high-quality sound pro- 
gram circuits with 15-kHz bandwidth 
(384 kbit/s) and for sound program cir- 
cuits with 7-kHz bandwidth (192 kbit/s) 
as specified in CCITT Recommenda- 
tions J.41 and J.42 [2]. 


The aggregate 2048-kbit/s output signal 
formed by combining the individual 
sound program cicuits conforms to 
CCITT Recommendation G.703. 


Dipl.-Ing. (FH) Christian Keller and 
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Siemens AG, 
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Munich 
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System design 


The modular digital sound program cir- 
cuit system MStD consists of a transmit 
converter, sound program multiplexer 
and receive converter, all of which are 
designed for unidirectional operation. 


These functional units can be used for a 
wide range of applications (Fig. 1). In 
the fixed version, up to eight 300 mm 
high insets can be accommodated in a 
style 7R rack 2.6 m in height (Fig. 2). In 
addition to the equipments for fixed in- 
stallation, there 1s also a portable version 
(Fig. 3) for mobile, outside-broadcast 
operation, 


Transmit converter 


Each sound program is assigned a sepa- 
rate transmit converter (Fig. 4a) in 
which the AF signal first passes through 
a preemphasis network and then under- 
goes appropriate low-pass filtering for a 
bandwidth of 15 or 7 kHz. The low-pass 
filter is followed by an analog-digital 
converter and digital compressor. 


Additional parity bits are inserted in the 
digital signal to prevent bit errors. The 
signal is terminated on the internal sys- 
tem interface at 384 kbit/s. 


Sound program multiplexer 


A transmit-side sound program multi- 
plexer is used to insert one or more of 
the digitized sound program signals in a 
2048-kbit/s signal (Fig. 5). This signal 
can incorporate up to five 15-kHz sound 
program signals or up to ten 7-kHz 
sound program signals, in accordance 
with the frame structure shown in Fig. 6. 
By using additional data or telephone 
multiplex units (connected to the free 
2048-kbit/s interfaces as shown in Figs. 1 
and 7), it can also be loaded with a com- 
bination of data and telephone signals. 
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A timing circuit (maximum length 200 to 
300 m) from the transmit-end sound pro- 
gram multiplexer to the transmit conver- 
ters ensures that the internal bit rate of 
384 kbit/s corresponds to precisely 6/32 
of the bit rate of the 2048-kbit/s signal. 


The receive-end sound program multi- 
plexer recovers the individual sound 
program signals from the 2048-kbit/s sig- 
nal and passes them across the internal 
384-kbit/s interface to their respective 
receive converters. 


Overall, the sound program multiplexer 
is designed to permit @ highly flexible 
configuration of the sound program cir- 
cuit network, as illustrated in Fig. 7: the 
receive converter RC1 at location D is 
optionally offered the program from 
location A or the program from location 
B, as remotely-controlled insertion is 
possible at the latter. If insertion 1s 
activated at B, any sound program from 
A is suppressed. The sound program cir- 
cuit is through-connected digitally from 
C at the 384-kbit/s level. 


At location D, the signals are applied 
both to the sound program multiplexer 
and the PCMX 30 unit. A branching unit 
with one input and three outputs is pro- 
vided for applications of this kind. 


Receive converter 


The receive converter (Fig. 4) first sup- 
presses clicks which may be caused by 
bit errors during transmission. It does 
this by evaluating the parity bits inserted 
in the transmit converter. After passing 
through the digital expander, the digital- 
analog converter, the deemphasis net- 
work and the low-pass filter, the sound 
program is again available as an analog 
signal at the output. 


Signal processing 
for sound program transmission 


Preemphasis and overload level 


In the transmit converter, the audio-fre- 
quency sound program signal passes 
through a preemphasis network as spec- 
ified in CCITT Recommendation J.17 
(attenuation 6.5 dB at 800 Hz) and un- 
dergoes corresponding deemphasis in 
the receive converter, thus reducing the 
psophometrically weighted quantizing 
noise by about 3 dB. 
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AF Audio frequency 
RC Receive converter 


SMX. Sound program multiplexer 
TC Transmit converter 


Fig. 1 Basic configuration of a digital sound program circuit system 
(shown here for four 15-kHz and two 7-kHz sound program circuits; 
the transmit converters, receive converters and sound program multiplexers contain different units) 


The preemphasis applied ensures that 
the peak power level of the sound pro- 
gram signal remains virtually unchanged 
at +12 dBm0Os. The instantaneous value 
of the sound program power exceeds 
12 dBm0s for approximately 10~° of the 
time, even though the sound program 
signal is adjusted in the studio to a nomi- 
nal value of +9 dBm0s (corresponding 
to 100% ) using a peak program meter. 


A margin of 3 dB is provided to ensure 
that signal level transients or adjustment 
errors on the sound program circuit do 
not result in peak clipping. Consequent- 
ly, an overload level of +15 dBm0s has 


been specified for the modulation range 
of the following analog-digital converter. 


Low-pass filtering, sampling and 
analog-digital conversion 


With digital transmission, the voltage 
values of the preemphasized sound pro- 
gram signal are sampled at regular inter- 
vals by the analog-digital converter. The 
sampling frequency is 32 kHz for the 
15-kHz circuits and 16 kHz for the 
7-kHz circuits. 


The sample is quantized in the analog- 
digital converter with 14-bit resolution. 


Both the analog-digital and digital-ana- 
log converters employ the proven count- 
ing encoder principle. 


The low-pass filter in the receive con- 
verter is required for suppressing the 
spectral components above half the 
sampling frequency which are present at 
the digital-analog converter output. 


Quantizing noise is produced by the 
sequence of quantizing errors of indi- 
vidual samples. Under normal sound 
program conditions, the magnitude of 
consecutive quantizing errors is virtually 
uncorrelated, so that the noise prior to 
deemphasis is practically white. On the 
other hand, in the case of an approx- 
imately sinusoidal sound program sig- 
nal — e.g. a short excerpt from a piece of 
music — a regularity is established in the 
sequence of quantizing errors which 
gives rise to periodic, sound-program- 
dependent components of quantizing 
noise. As the ear may perceive this as 
distortion at low signal levels, the 
analog-digital converter is additionally 
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loaded with two sinusoidal signals whose 
peak-to-peak voltage encompasses a 
number of quantizing intervals. As their 
frequency is above the audio frequency 
band (15917.5 and 15972.5 Hz), they are 
completely suppressed in the receive 
converter by the low-pass filter. This 
pre-loading also stabilizes the subjective 


. a 


os” 


perception of the noise in the absence of en at ’ 
. rg! 


a sound program signal (idle channel 
noise). 


Companding 


In order to reduce the length of the code 
words from 14 to 11 bits, the digitized 
sound program signal is fed to the digital 
compressor which reduces the total 
number of quantizing intervals. The size 
of the intervals remains the same for 
small samples, in accordance with the 
14-bit resolution of the analog-digital 
converter. For large positive or negative 
samples, the size of the intervals is 
increased in accordance with a 13-bit, 
12-bit or 11-bit, etc. resolution (Fig. 8). 
In the receive converter, the digital 
expander restores the code word to its 
original length, while retaining the 
coarser quantizing errors caused by the 
compressor at higher signal levels. 
Although as the level increases, the 
quantizing noise becomes greater, it is 
virtually imperceptible due to the simul- 
taneous increase in the program volume. 
This masking effect is further enhanced 
by the use of preemphasis and deem- 
phasis. The quantizing intervals are var- 
ied in accordance with the companding 
law, as illustrated in Fig. 9 [2]. 


Each 11-bit code word is assigned a par- 
ity bit for click protection. Consequently 
a total of 12 bits have to be transmitted 
for each sample. 


Data channel 


With the MStD sound program circuit 
system a Supervisory control signal with 
up to five changes of state per second 
can be easily transmitted from the trans- 
mit to the receive converter of each 
sound program circuit. The extremely 
simple method employed is based on a 
CCIR proposal [2]. The remote control 
circuit may be used for remote alarm 
signaling or for switching the broadcast 
transmitters between mono and stereo. 
In order to prevent control malfunctions 
due to bit errors, a delay of about 30 ms : | as —_— . So 
is provided in the receive converter. Fig.2 Digital sound program circuit system MStD accommodated in style 7R narrow racks 2.6 m high 
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Fig.3 Multiplexer case of the digital sound program circuit system MStD 


Click protection 


Bit errors during transmission of the 
code words result in incorrect samples 
being reconstructed in the receive con- 
verter (Fig. 8). 


Whereas errored transmission of the 
most significant bits of the code word 


A/D _ Analog-digital converter 

COMP Digital compressor 

cP Click protection with parity check 
D/A Digital-analog converter 

DE Deemphasis network 


Fig. 4 


may result in an audible click, the dis- 
turbance due to errors in the least sig- 
nificant bits is negligible. 


In the MStD sound program circuit sys- 
tem, clicks are prevented by replacing a 
sample in which one of the five most sig- 
nificant bits is mutilated by the last cor- 
rect sample received in the receive mul- 


O 384 kbit/s 


O Timing signal 


O 384 kbit/s 


Timing signal 


EXP Digital expander 

P Parity bit generation 

FE Preemphasis network 
PS Parallel-serial converter 
S/P Serial-parallel converter 


Basic design of the sound program converter; transmit converter (a) and receive converter (b) 


(sampling frequency 32 kHz for the 15-kHz circuit and 16 kHz for the 7-kHz circuit) 
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tiplexer. If several consecutive samples 
are incorrectly received, the click pro- 
tection facility briefly turns the sound 
program off and on again “silently.” 
Parity bits added to the code word in the 
transmit converter are used to deter- 
mine whether or not a sample is muti- 
lated. 


Pulse frame structure 


A pulse frame structure as shown in 
Fig. 6 is used for transmission over the 
2048-kbit/s digital link. Time slot 0 con- 
tains the frame alignment signal as speci- 
fied in CCITT Recommendations G.732 
and G.734. Time slot 16 is not used for 
sound program transmission and is avail- 
able for other services. 


The sound program signals are arranged 
in blocks of three time slots, i.e. of 
24 bits [2, 3]; each of these blocks 
contains two 12-bit code words. As the 
bits of the two code words are inter- 
leaved, bit error bursts with up to four 
consecutive bit errors are detected with 
absolute certainty. This is important 
when using HDB3 code in the line equip- 
ment, as its decoder causes bit error 
propagation of this kind. 


0 2048 kbit/s 


384 kbit/s 
384 kbit/s 
584 kbit/s 
384 kbit/s 


384 kbit/s 


—<+e of eo 


2048-kbit/s input 

2048-kbit/s output 

Central clock 

Insertion or extraction (as required) 


i © 


Fig.5 Basic design of the sound program 
multiplexer (equipment configuration varies 
with application) 
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Frame alignment signal CCITT-preferred slots for 64 kbit/s data 
Service word 


in laand 1b erepnel watsanetiiey and in 5a and Sb 
and in 2a and 2b P y or 30 telephone channels in time slots 1 to 15 and 17 to 31 
and in 3a and 3b 


siti, be aia stereo capability 


Fig.6 Pulse frame structure for the 2048-kbit/s signal; for each 15-kHz sound program circuit 
(A 15-kHz sound program circuit can also be loaded with a pair of 7-kHz sound program circuits; 
each individual 7-kHz sound program circuit can occupy La, 1b or 2a, etc.) 


PCMX 30 } 


Multiplexing 


Digital single channel 
through-connection 


As already shown in Fig. 7 (location C), 
individual sound program channels can 
be extracted from a 2048-kbit/s signal us- 
ing one sound program multiplexer and 
inserted in another 2048-kbit/s signal us- 
ing another sound program multiplexer. 


The sound programs are then available 
as 384-kbit/s signals, the bit rate being 
precisely locked to that of the incoming 
2048-kbit/s signal. 


li G O 2 Analog-digital Transmission Digital-analog 
leis conversion conversion 
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a 2048-kbit/s connection 

b 348-kbit/s through-connection Region of low 
; program level 

c Remote control input 


for suppressing signal insertion 


BR Branching unit 

PCMX PCM multiplex unit 

RC Receive converter 

SMX — Sound program multiplexer 


Fig.9 11-segment companding law 
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b Click protection required 


Fig. 8 Illustration of non-uniform quantizing and clicks produced by bit errors 


Load capacity 


(resolution into quantizing intervals as a function of the instantaneous value after preemphasis) 


TC Transmit converter The values indicate the resolution into quantizing intervals within the segment in bits; 
Fig.7 Typical applications of the sound program the quantizing intervals have the same size as with a uniform quantizer which uses the stated number of bits 
multiplexer and processes the entire modulation range 
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Insertion loss at 800 Hz 
Weighted idle channel noise 


Distortion factors k2 and k3 
measured at the nominal program 
peak level of +9 dBm0s 


Phase difference of a stereo pair 


Level dependence of insertion loss 
referred to 800 Hz 

compared with the value at —12 dBm0s 
(measured frequency-selectively) 


+ 0.3 dB 


—56 dBqOps 


2% 


4° at 30 Hz to 14 kHz 


8° at 15 kHz 


+0.2 dB 
at +6 to —30 dBm0s; 
+ 1.0dB 
at + 9 to —61 dBm0s 


Table Limit values to transmit and receive conversion 


For insertion into the 2048-kbit/s out- 
going signal, the 384-kbit/s signal passes 
through a buffer store in which jitter and 
wander between the two 2048-kbit/s sig- 
nals are automatically compensated. It is 
therefore very simple to interconnect 
two sound program multiplexers via the 
384-kbit/s interfaces if the two 2048-kbit/s 
signals are in frequency synchronism 
with each other. If they are plesiochron- 
ous, the bit rates are equalized in the 
sound program multiplexer by omitting 
or repeating two consecutive code words 
of the particular 384-kbit/s signal. 


This occurs no more than about 1.5 
times per second in the case of two 
plesiochronous 2048-kbit/s signals (with 
a frequency tolerance of +5 x 107°). 
However, as slight, isolated clicks may 
be audible, this mode should be avoided 
where possible. If the frequency devia- 
tion between the digital signals is less 


than 10°'', this method of bit rate 
equalization can be used as a matter of 
course, as specified in CCITT Recom- 
mendation G.811. 


In order to establish frequency synchro- 
nism between the two 2048-kbit/s sig- 
nals, each sound program multiplexer 
has an input and output available for the 
2048-kHz timing frequency. At the few 
locations at which adequate timing fre- 
quency correspondance cannot be guar- 
anteed for operational reasons, analog 
through-connection must be effected via 
the audio frequency level using a receive 
converter and a transmit converter. 


7-kHz sound program circuits 


Sometimes 7-kHz sound program cir- 
cuits are used as an alternative to the 
15-kHz sound program circuits. They 
provide approximately the same trans- 


mission quality as the 15-kHz circuits, 
apart from having a smaller audio band- 
width. They are not intended for stereo 
programs, and are mainly used for pro- 
gram lines to AM (amplitude modula- 
tion) radio transmitters and for com- 
mentary and outside broadcast circuits. 
Their advantage is that they require only 
half the transmission capacity (Fig. 6). 


Like their 15-kHz counterparts, each 
7-kKHz sound program circuit requires 
a transmit and receive converter. In ad- 
dition, the 15-kHz low-pass filter is re- 
placed by a 7-kHz low-pass filter, the 
sampling frequency being automatically 
changed over from 32 kHz to 16 kHz. 
Encoding and click protection operate in 
the same way as on 15-kHz sound pro- 
gram circuits and the preemphasis net- 
work is also retained. Fig. 1 shows how 
the 7-kHz sound program converters 
and sound program multiplexers are 
interconnected. 


Sound program transmission quality 


The limit values listed in the Table apply 
to transmit and receive conversion. 


The quality of the sound program trans- 
mission is primarily determined by the 
transmit and receive converters. The 
transmission link itself is not a contribut- 
ory factor, provided the bit error ratio 
and jitter are sufficiently low. Planning 
must therefore aim at minimizing the 
number of analog-digital-analog conver- 
sions for each sound program circuit. 
The system described here meets this 
requirement by providing facilities for 
handling individual “digital” sound pro- 
gram circuits (Fig. 7, locations B and C). 
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Volker Gieseke and Nikolaus Kamp 


Multiplexing 


DK Vt? Digital Channel Distributor 
for Remote Control Cross-Connection 


The digital transmission hierarchy used 
in Europe and most other regions is 
based on multiplexed signals transmitted 
at 2048 kbit/s, each comprising thirty 
64-kbit/s voice or data channels. As the 
pulse frame specified for a 2-Mbit/s sig- 
nal is often under-utilized due to this 
relatively large trunk group size, eco- 
nomical network solutions are not al- 
ways achievable. Where the number of 
trunk connections is small, it is more 
cost-effective to use the DK Vt2 channel 
distributor. This equipment enables the 
64-kbit/s signals of eight 2-Mbit/s signals 
to be flexibly cross-connected without a 
mechanical distribution frame and with- 
out additional multiplexers. The cross- 
connection pattern can be controlled 
either locally or remotely under soft- 
ware command. The interfaces are com- 
patible with existing networks and con- 
form to the relevant CCITT Recommen- 
dations. 


Dipl.-Ing. Volker Gieseke and 
Dipl.-Ing. Nikolaus Kamp, 
Siemens AG, 

Transmission Systems, 
Munich 


System design 


The concept of the DK Vt2 digital chan- 
nel distributor is the same as a conven- 
tional mechanical jumpering distributor 
used for cross-connecting the voice fre- 
quency (VF) or 64-kbit/s channels in a 
2-Mbit/s signal (Fig.1). With a mech- 
anical process, however, the 2-Mbit/s 
signals have to be separated out into 
64-kbit/s channels (e.g. using the demul- 
tiplexer function of a DSMX 64k/2F 
multiplex unit [1]). After jumpering, the 
64-kbit/s channels are then recombined 
using the same multiplexers to form new 
2-Mbit/s signals. This process encom- 
passes both transmission directions and 
the associated signaling. 


The digital channel distributor incorpo- 
rates all the important functions of the 


VF or 
PCMX 30 3=—s 64 kbit/s PCMX 30 
2048 kbit/s 
—> +o 
Jumpering 
distributor 
DKVt2 Digital channel distributor for 2 Mbit/s 


VF Voice frequency 


digital multiplexers. High-speed mem- 
ory devices are used for cross-connect- 
ing and through-connecting the individu- 
al digital channels. This not only avoids 
all the interfacing problems associated 
with back-to-back through-connection 
of analog traffic signals and signaling 
information, but also creates possible 
additional applications for the digital 
channel distributor. These are described 
under connection types. 


As the functional diagram in Fig.2 
shows, the DK Vt2 processes up to eight 
2-Mbit/s signals. By using a flexible 
cross-connection arrangement, the indi- 
vidual 64-kbit/s channels and the associ- 
ated 2-kbit/s signaling information of 
each 2-Mbit/s signal can be switched 
from any input to any channel of the 


2048 kbit/s 
o> 
DKVt 2 
2048 
(64+ 2) kbit/s kbit/s 


digital cross- 
connections — 


Cross-connection commands 


PCMX30 Pulse code modulation multiplex 


unit for 30 telephone channels 


Fig. 1 Cross-connection with the PCMX 30 system and the DK Vt2 digital channel distributor 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


7S 


Multiplexing 


Port 


? Mbit/s 
—pP—O 


Port 


Cross-connection 
instructions 


2 Mbit/s 
o> - 


| 


Fig.2 Functions of the DK Vt2 digital channel distributor 


eight outputs. For this purpose, frame 
alignment must first be established indi- 
vidually for each of the eight incoming 
2-Mbit/s signals, which are then matched 
in phase in such a way that they can be 
written into a common memory with the 
same channel sequence. The memory 
devices for the speech and data signals at 
the 64-kbit/s level are assigned their read 
addresses by a cross-connection memory 
which in turn receives its control instruc- 
tions from operating personnel via a 


2 Mbit/s 


Ports 
Y-bit 
interface 
1% 
V1 be — 


aa ag || eee 
}—Siserson Dialog controller 


i ~Option 
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© Fault and disturbance signals 


microprocessor-based dialog controller. 
The speech and data memory is read out 
in the sequence of the desired composi- 
tion of the outgoing 2-Mbit/s signals. 


Although the DK Vt2 digital channel dis- 
tributor is designed for synchronous op- 
eration of the 2-Mbit/s input signals, 
plesiochronous operation with its inevi- 
table frame slips is also possible. 


A central clock supply which synchro- 
nizes all the functional devices of the 


2 Mbit/s 


DKVt2 to a common timing pattern de- 
rives its timing frequency either from an 
incoming 2-Mbit/s signal, a 2048-kHz 
timing signal supplied from an external 
source, or from a local crystal-controlled 
oscillator. Comprehensive monitoring 
provides a record of all alarms and 
failures in each 2-Mbit/s signal, as well 
as faults in the central switching and 
control sections. 


Functional devices 


The block diagram (Fig.3) shows the 
interaction of the individual functional 
devices of the DKVt2 digital channel 
distributor. 


Ports 


The digital channel distributor provides 
the four-wire transmission generally em- 
ployed in telecommunication systems, 
i.e. the go and return directions of a 
2-Mbit/s link are combined in a single 
unit (port). An incoming 2-Mbit/s signal 
[2] passes through an HDB3 binary con- 
verter and is then fed to a frame aligner. 
After alignment is established, the time 
slots are written into an elastic store with 


(also equipped for 64-kbit/s data channel or voice channel units) 


9 3 


ROM 


Fig.3 Block diagram of the DK Vt2 digital channel distributor 
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the route timing signal (recovered from 
the incoming digital signal). This elastic 
store is read out using the internal tim- 
ing signal of the digital channel dis- 
tributor in accordance with the internal 
frame structure. As a result, the various 
frame phases in the incoming digital sig- 
nals are matched to the phase of the 
pulse frame in the DKVt2. The elastic 
store additionally compensates for phase 
variations (wander) of up to half a pulse 
frame in the incoming 2-Mbit/s digital 
signals. 


In addition to the usual frame alignment 
procedure, it is also possible to change 
over to an extended frame alignment 
technique — the CCITT-recommended 
CRC4 method [1, 3]. In this way, 
erroneous synchronization to spurious 
frame alignment signals is detected and 
realignment is initiated if necessary. 


A supervision unit detects disturbances 
in the received 2-Mbit/s signal (no sig- 
nal, high bit error ratio, etc.) and noti- 
fies the signaling memory in the event of 
a frame slip. This occurs during plesio- 
chronous operation if the route timing 
signal is not synchronous with the inter- 
nal timing signal of the digital channel 
distributor. 


The digital signals are read out of the 
elastic store in 8-bit parallel format in 
the fixed DKVt2 time slot pattern and 
are applied to the receive bus, time- 
interleaved with those from the other 
ports. If access to individual channels of 
the 2-Mbit/s signals is required in special 
cases (e.g. for dropping or test pur- 
poses), up to six 2-Mbit/s ports can be 
replaced by data channel or voice chan- 
nel units. 


Central functional units 


The signals supplied from the maximum 
eight ports are systematically written 
into the speech and data memory which 
can store an entire pulse frame. Refram- 
ing on the transmit side is performed by 
reading from the speech and data mem- 
ory using the addresses stored in the 
cross-connection memory, which con- 
tains the table of source addresses for 
each time slot of the eight 2-Mbit/s sig- 
nals. These addresses originate from the 
PROM of the dialog controller. This 
arrangement enables the PROM to be 
rewritten without interrupting the oper- 
ation of the digital channel distributor. 


Access to four bits in the service word of 
the 2-Mbit/s pulse frame from port 1 is 
provided via the Y-bit interface by means 
of a V.11 connection [4]. 


If time slot 16 in the 2-Mbit/s pulse 
frame is used for transmitting signaling 
information, signaling frame alignment 
and memory units are also required. 


Once signaling frame alignment is estab- 
lished, the signaling frame aligner sup- 
plies the write addresses for the signal- 
ing information to the signaling mem- 
ory. The cross-connection memory pro- 
vides the read addresses for the signaling 
memory in order to assemble the signal- 
ing frame in the required form. This 
information is then inserted in the trans- 
mit bus during time slot 16. 


During plesiochronous operation, frame 
slip occurs at regular intervals. In order 
to prevent erroneous transmission of sig- 
naling information, the available infor- 
mation is held back (“frozen”) until the 
signaling frame has been realigned. This 
operation is controlled by a signal from 
the relevant port. 


The digital channel distributor normal- 
ly operates synchronously. The central 
clock supply derives the system timing 
from one of the received 2-Mbit/s signals 
— from either port 1 or port 2. Alterna- 
tively, a central 2048-kHz control clock 
is supplied. In order to ensure reliabil- 
ity, one of these timing sources can be 
designated as standby, with automatic 
changeover if the main timing signal 
fails. If the main and standby sources fail 
simultaneously, the digital channel dis- 
tributor produces “all ones” signals 
(AIS alarm indication signal) at all the 
2-Mbit/s outputs, which are transmitted 
using the timing signal of the internal 
crystal-controlled oscillator. 


Supervision 


Both internal faults and external distur- 
bances of the 2-Mbit/s signals are detect- 
ed and displayed on the digital channel 
distributor. Each 2-Mbit/s port has cir- 
cuits for monitoring: 


e loss of frame alignment, 

e receipt of AIS, 

e bit error ratio (10°, 107°), 
® urgent fault condition 

of the distant station, 

e loss of signaling frame alignment, 
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e urgent fault condition in the time 
slot 16 (signaling) of the distant station. 


If one of the above disturbances is de- 
tected at a 2-Mbit/s port, the “alarm” 
LED of the unit affected is turned on. 
The LED is located in a pushbutton 
switch which, when depressed, enables 
the cause of the disturbance to be read 
from a central row of LEDs. A 7-seg- 
ment display simultaneously indicates 
the port affected. 


Internal equipment faults are indicated 
by the “INT” LED. By depressing the 
key incorporating the LED, the diode 
row is switched to the internal fault sig- 
nals; the 7-segment display goes dark. 
The internal faults indicated include: 


e Clock supply faults 

Clock divider module defective, 

loss of main timing signal of the digital 
channel distributor, 

loss of standby timing signal. 


@ Faults ina memory device 

Speech and data or signaling memory 
supplies incorrect check bits, 

or the transmit bus 1s defective; 

elastic store of a 2-Mbit/s port supplies 
incorrect parity bits, or the receive bus 
is defective. 


@ Faults in the dialog controller 

The dialog controller detects faults 
during transmission of addresses from 
the PROM to the cross-connection 
memory. 


e Faults in the supervision unit 
As the supervision unit is clock-control- 
led, its timing signal is monitored. 


With certain internal faults, normal dis- 
play of peripheral disturbances is no 
longer possible and is therefore sup- 
pressed. With suitable strapping, fault 
or disturbance signals can be forwarded 
to the rack alarm signal panel or to a 
central service observation facility. The 
forwarding of port module disturbance 
signals can be suppressed by a switch on 
the unit affected. 


If the LED row is assigned to a 2-Mbit/s 
port, a signal present at a central coaxial 
jack contains a pulse for each frame 
alignment signal incorrectly received at 
this port. However, if the LED row is 
switched to “internal faults ” this coaxial 
jack provides a frame timing signal. 


The entire alarm status of the supervi- 
sion unit of the digital channel distribu- 
tor, as displayed on the row of LEDs on 
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Fig.4 Possible operator interfaces to the DK Vt2 digital channel distributor 


the equipment, can be interrogated via 
the dialog controller. 


If one of the units required for DK V2t 
operation is missing, this is indicated by 
a signal at the interface for fault and dis- 
turbance signals (reminder lamp on the 
alarm signal panel). This display is also 
activated if one of the dialog controller 
units is removed in order to modify the 
operating parameters of the operator 
interface. 


Dialog controller 


The cross-connection and mode settings 
are established in the digital channel dis- 
tributor via a memory which 1s protected 
against losing data in the event of an op- 
erating voltage failure. 


Two memory versions are provided by 
varying the equipment configuration: 


e fixed-program version 

incorporating one slide-in unit and 

@ interactive version 

with three units; this version addition- 
ally provides the V.24/V.28 interface [4] 
to an external operator terminal. 


When the fixed-program version is used, 
the above settings are stored in a UV- 
light-erasable programmable read-only 
memory (EPROM). Changes or reset- 
tings cannot be entered and executed in 
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the digital channel distributor itself, but 
on EPROM programming units. The 
digital channel distributor can continue 
to operate on the basis of the old mem- 
ory contents while the modification 1s 
being carried out. 


If the interactive version is used, the 
cross-connection allocation table and 
mode settings can be entered, interro- 
gated and modified while the digital 
channel distributor is in operation. 


This merely requires an operator termi- 
nal with V.24/V.28 interface allowing 
duplex operation. The operating param- 
eters of the operator interface are set 
in the digital channel distributor using 
Straps. The transmission method em- 
ployed is asynchronous start-stop op- 
eration using CCITT Alphabet No. 2 
or No. 5. A transmission rate of up to 
9600 bauds can be selected. 


As Fig.4 shows, the operator terminal 
can address the digital channel distribut- 
or in various ways. 


For local cross-connection the digital 
channel distributor is equipped with a 
jack accessible from the front panel for 
connecting an interactive terminal di- 
rectly to the dialog controller in accord- 
ance with ISO Standard 2110-1980 and 
CCITT Recommendations V.24 and 
V.28. 


For remote cross-connection the follow- 
ing three modes are possible: 


e Remote operation via a data link 

In this mode the digital channel distrib- 
utor is accessed in the same way as a 
data terminal, e.g. via a modem section 
(switched or permanent connection) — 
again via the V.24/V.28 interface. 


e Remote control of several 

digital channel distributors 

As the digital channel distributor pro- 
vides access (from port 1) to bit Y6, 

i.e. the sixth bit of the service word in 
the 2-Mbit/s pulse frame, it can be used 
for remotely controlling other digital __ 
channel distributors. The digital channel 
distributor connected to the operator 
terminal operates as the “master,” while 
remote digital channel distributors are 
employed as “slaves.” During data 
transmission between the units via bit 
Y6 in the service word, an internal 
acknowledgement procedure for data 
protection detects transmission errors 
on the 2-Mbit/s route and responds by 
repeating the transmission. In this way, 
several “slave” DK Vt2s can be remotely 
controlled from one “master” unit. For 
this purpose, the slaves must be cas- 
caded in a 2-Mbit/s link and the service 
bits of the 2-Mbit/s pulse frames passed 
through unchanged. 


e Remote access via the V.11 interface 

If there is no available data link or 
digital channel distributor co-located 
with the operator terminal, it is also pos- 
sible to use a multiplex unit (e.g. a 
DSMX 64K/2F) with V.11 interface to 
access bit Y6 for remotely setting the 
digital channel distributor, provided the 
multiplex unit is connected to port 1 of 
the DK Vt2 via a 2-Mbit/s line. 


The user has a compact and efficient 
command repertoire at his disposal for 
interrogating and modifying cross-con- 
nection instructions and mode settings 
via the operator interface during opera- 
tion. This repertoire contains commands 
for opening the dialog (entering a key 
number), outputting the stored cross- 
connection and mode settings (on a 
printer or VDU), outputting the DK Vt2 
alarm status and entering new settings 
and correcting them. There is also a 
command to store the newly entered 
cross-connection settings and operating 
modes in a PROM device. 


The cross-connection settings can be 
entered in two different ways: 
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With bidirectional input (go and return 
directions jointly) the transmit and re- 


ceive directions of a 2-Mbit/s port are DXorMUX yy DKVt2 _ DX or MUX 
regarded as inseparable. By entering the | Port | - 

number of the relevant ports and the oe A aa 
channel numbers, the connection _ —_— 


request is notified to the digital channel 


distributor. 
Unidirectional input requires the desti- Pon 
nation and source addresses to be en- hy oe 


tered (port and channel numbers). In Griucler 
this case, the transmit and receive direc- 
tions of a 2-Mbit/s interface are regarded 
as being independent of one another. 
This type of cross-connection allows sev- 
eral receivers to be connected to one Port} 
transmitter. It is thus possible to provide 7 : 
either a distribution arrangement or a 


connection to a transmission route. DX or MUX 


240 four-wire 
voice Circuits 


240 four-wire 


voice circuits Alarm 


information 


DX or MUX 


The mode settings may be subdivided ) = 
into the following three blocks: 16m 


e Time slot 0 - 
For each 2-Mbit/s transmit signal it is DKVt 2 
possible to select whether the service 
bits shall be re-formed in time slot 0 

of the pulse frame or passed through 
unchanged from another received pulse 
frame. 


e Time slot 16 
Time slot 16 of each pulse frame can be 
selected to transmit signaling informa- 


tion (channel associated signaling) or as 
a 64-kbit/s data channel (channel 31). Q See =. 
e Extended frame alignment — = 
Frame alignment can either be estab- 


DX Digital exchange MUX = PCM30 multiplex unit 


Fig.5 Doubling the cross-connection capacity of the DK Vt2 digital channel distributor by joint operation 
of two DKVt2 units in a rack (16 ports = 240 four-wire voice circuit through-connections) 


lished for each 2-Mbit/s port in accor- b 
dance with CCITT Recommendation | | DKVA2 | 
G.732 [5], or alternatively the extended A) ee oO 


frame alignment procedure (CRC4) as 
defined in CCITT Recommendation 
G.704 [3] can be used. 


Doubling the capacity © Sas 


It is possible to double the cross-connec- 
tion capacity of the digital channel dis- 
tributor for certain connection types by 
jointly operating two units in a rack sd 
(Fig.5). In this case, each unit serves 

only one transmission direction, 1.e. en O. 
“unidirectional input” is employed. The 
return direction must then be set accord- 
ingly in the other digital channel dis- g (B ) 
tributor. Coupling the two digital chan- a 

nel distributors by means of special rack Gg 
wiring safeguards the alarm acknowl- 

edgement signal to the distant station. 


The optional “coupling unit” is available Fig. 6 Possible connection types between locations A, B, C and D 
for this operating mode. using the DK Vt2 digital channel distributor 
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Fig. 7 Separating and combining various services using the PCMX system (above) 
and the DK Vt2 digital channel distributor (below) 
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Fig.8 Subdividing 30-channel blocks for multipath routing using the DK Vt2 digital channel distributor 


Applications of standard 2-Mbit/s signals, the actual 
content of the cross-connected digital 
signals — coded voice, music or data sig- 
As control of the digital channel distri- nals — is irrelevant. Fig. 6 shows possible 
butor is based exclusively onthe structure connection § types, irrespective of 


Connection types 


whether they involve 64-kbit/s channels 
or channel groups. In practice, however, 
a number of important specific applica- 
tions have emerged. 


The first application of note is the com- 
mon cross-connection of the go and 
return directions of coded voice signals 
with their associated 2-kbit/s signaling 
information which is additionally trans- 
mitted in a multiframe obtained by sub- 
multiplexing time slot 16 of a PCM 
frame. For this purpose the digital chan- 
nel distributor provides all the circuits 
required for extracting the signaling 
pulse frame, separately arranging the 
information in a signaling memory and 
reassembling it on the transmit side. 


Provision is also made for the proce- 
dures required to deal with disturbances 
and slips. For protection switching pur- 
poses it is additionally possible to switch 
complete 30-channel blocks from port to 
port in the go and return directions. 


A second application is for sound and 
data signals, which occupy several time 
slots in a pulse frame but often require 
unidirectional transmission only. These 
are treated as channel blocks as regards 
cross-connection instructions. 


With the “distribution” type of connec- 
tion also required for service channels or 
announcements, it is possible to connect 
to one or both transmission directions of 
a link from location A to location B and 
to switch these signals in parallel to loca- 
tions C or D where they are available for 
measurement or test purposes. For the 
voice and data memory and the signaling 
memory, this means that the current 
memory contents are read out in parallel 
by several ports. 


The digital channel distributor itself can 
also be regarded as location C if data 
channel or telephone channel units are 
mounted in port slide-in positions and 
the channels to be measured are con- 
nected to them. 


With this equipment configuration, if 
the cross-connection scheme is modified 
such that a stand-alone connection from 
location A to the DKVt2 channel unit is 
established, this is known as the “drop- 
ping” mode. If the vacated time slot 
were now to be through-connected to 
location C using an additional channel 
unit, this would be the “insertion” 
mode. 
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Fig.9 DKVt2 digital channel distributor 


References 


[1] Krohn, M.; Miller, H.: Multiplexing and 
Branching of Telephone and Data Signals. 
telcom report 10 (1987) Special “Multiplexing 
and Line Transmission,” pp. 43 to S50 

[2] CCITT Red Book, Vol. III - Fascicle III.3, 
Rec. G.703, Geneva: International 
Telecommunication Union 1985 

[3] CCITT Red Book, Vol. III - Fascicle III.3, 
Rec. G.704, Geneva: International 
Telecommunication Union 1985 


Possible deployment 


The connection types described above 
make the digital channel distributor suit- 
able for a wide range of applications at 
nodal points of telecommunication net- 
works in which a combination of multi- 
plex units, switching and line equip- 
ments with their standardized 2-Mbit/s 
interfaces are employed. In addition to 
the cross-connection of individual chan- 
nels, the assembly or distribution of 
small channel blocks is particularly im- 
portant in terms of cost-effectiveness, as 
the digital channel distributor enables 
the full capacity of 2-Mbit/s paths to be 
utilized. 


When setting up permanent networks, 
the question of separating various ser- 
vices Often arises. Fig. 7 shows that it is 
extremely easy to isolate voice and data 
channels and to combine them to form 
specific groups, without impairing the 
quality of individual connections by 
additional decoding and encoding proce- 
dures. 


In order to protect connection paths, 
DKVt2 units can be used to split up 
30-channel blocks into two or more sub- 
blocks. As shown in Fig.8, taking a ra- 
dio relay and a cable link as an example, 
only half the traffic load of a 30-channel 
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block is carried on each path. However, 
if one path fails, it is still possible to 
switch traffic through to the distant sta- 
tion at half load without having to pro- 
vide costly standby paths during undis- 
turbed operation. 


The possibility of mounting channel 
units in six of the port slide-in positions 
of the digital channel distributor allows 
a range of options for dropping and in- 
serting individual channels. By provid- 
ing simultaneous through-connection of 
broadband digital signals, the DKVt2 
unit is also ideally suitable for digital 
mono or stereo sound program signals. 


Mechanical design 


The digital channel distributor DKVt2 
comprises a style 7R equipment inset 
500mm high (Fig.9) housing plug-in 
units with standard dimensions. of 
100mm Xx 160mm [6]. It is equipped 
with a multilayer backplane PCB for 
connection to the internal wiring; male 
connectors at the rear provide connec- 
tions to the rack. 


The equipment inset, together with its 
power supply, is accommodated in a 
PCM30F system rack [7]. These racks 
can also be combined with other equip- 
ments of the PCM30F range of systems. 
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Transmission Equipment and Systems. 
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Hartmut Kemmesies and Erhard Waretzi 


Echo Canceller in International 
Communication Links 


The increasing economic and technical 
importance of continental and intercon- 
tinental communication links, routed 
predominantly via satellite, led to a 
rethinking of the associated echo prob- 
lem. The result was the development of 
an echo canceller to prevent a loss of 
signal quality on such links. 


The echo canceller presented here was 
designed to CCITT Recommendation 
G.165 for synchronous and pleisiochro- 
nous digital links operating at a trans- 
mission rate of 2048 kbit/s. 


Dipl.-Ing. Hartmut Kemmesies and 
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From the echo suppressor 
to the echo canceller 


Wherever a long-distance circuit is ter- 
minated in voice frequency (VF) hy- 
brids, there will be reflections which, if 
delayed by as little as 25 ms, will pro- 
duce an objectionable echo. Until 


Control 
circuit 


recently these echoes were eliminated 
with the aid of echo suppressors in- 
stalled in the international exchanges 
closest to the ends of the long-distance 
circuit (Fig. 1a). Since the echo suppres- 
sors are operated under voice control to 
open the side of the four-wire circuit not 
currently in use, the echo is effectively 


Control 
circuit 


Satellite 


Terrestrial circuit path 


Echo 


oui 


RP Receive path 


link 
ee a 


—_—<—-—_— ee eo er" 


Delay = 
2 x 260 ms 


Terrestrial circuit path 


Echo nal 7 


TP Transmit path 


Fig.1 Facilities for eliminating echo on long transmission links 


a Echo suppressor 
b Echo canceller 
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eliminated but the parties have to con- 
verse with a certain discipline. When 
they speak simultaneously (double- 
talk), it is virtually impossible for any 
echo suppressor to restore the open side 
of the circuit quickly enough to avoid 
suppressing some of the initial syllables. 
Modern echo suppressors already con- 
tain a facility to measure the actual loss 
in the echo path and to enhance the sen- 
sitivity of the voice-operated switch 
accordingly. A further disadvantage of 
echo suppressors is that, during double- 
talk, they attenuate receive paths by 
6dB. As a result, the echo is attenuated 
by a total of 12 dB in both the go and 
return paths, but the parties continue to 
hear each other with fluctuations in 
volume. 


By contrast, the echo canceller operates 
by modeling the echo path via the hybrid 
in a variable digital filter and by using 
the resultant replica echo to cancel the 
returning echo (Fig. 1b). 


Principle of echo cancellation 


Cancellation is based on the following 
processes (Fig. 2): 


e setting a variable filter to provide a 
model of the echo path, 


@ generating an echo replica, y(t), by 
passing the receive-path signal through 
the filter, 


e subtracting the echo replica from the 
transmit-path signal. 


A control circuit varies the filter until 
the transmit-path output signal is largely 
free of echo. The filter then has the pre- 
cise characteristics of the echo path 
including the filter characteristics of the 
PCM codec. 


The CCITT recommends inserting a 
center clipper after the subtractor. This 
employs a nonlinear processing NLP 
circuit to eliminate the residual echo 
remaining after cancellation. The princi- 
ple of this circuit is that only those sig- 
nals which exceed a certain threshold 
can reach the transmit-path output. The 
circuit must, however, only operate 
when the far-end partner is talking, but 
under no circumstances during double- 
talk. 


Overall design of the echo canceller 


Fig.3 shows the circuit sections compris- 
ing the echo canceller. The PCM signal 


TP > 


a(t) Signal component of far-end party 
NLP Nonlinear processing 
RP Receive path 


Fig.2 Principle of echo cancellation 


is processed both in the transmit path 
and in the echo-replica path in parallel, 
linearized form. 


The individual modules incorporate the 
following functions: 


AFI (adaptive filter) 


e Variable digital filter for twelve chan- 
nels each (3 modules for 30 channels). 


SPU controller (speech processing unit) 
e Formation of the controlled variable 
for setting the transversal filters 

e Control of the NLP circuit 


e 2100-Hz tone detector for disabling 
the echo canceller. 


PRE (phase reversal evaluation) 


e For detecting phase reversals in the 
2100-Hz tone. 


TRI (transmitter receiver interface) 

PCM interface formation 

Frame detection and clock generation 
Serial-parallel-serial conversion 
Multiplex control of the canceller 
Subtractor 

NLP switch 

e Alarm signaling and testing. 


A style 7R inset accommodates the 
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entire digital echo canceller (DEC) for 
30 voice channels. 


Two such DEC insets can be installed in 
a DEC rack with two power supplies 
(operating and standby) and an alarm 
signal panel. 


Variable digital filter 


Basic operation 


The signal of the receive path passes 
through a delay line consisting of n sec- 
tions. The line is tapped to produce sig- 
nals of differing delay, x,(¢) ... x,(t), 
which are modified as to amplitude and 
sign by tap weights and are finally com- 
bined to form a sum signal, y(t), the 
echo replica: 


y(t) = Cy x(t) + C- x(t) + Cy x3(0) 
ae Cea 0. 


Each tap weight can be regarded in sim- 
plified form as a variable attenuator with 
the additional facility for reversing 
polarity. 


Let us assume that the echo signal, a(t), 
is attenuated relative to the receive-path 
signal by exactly 6 dB and has a delay of 
375 us without phase shift. In this in- 
stance, the echo-replica path is correctly 
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Lin/PCM Conversion from linear 
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MX Multiplexer 


NEP Nonlinear processing 

PCM/Lin Conversion from compressed 
to linear signal form 

PRE Phase reversal evaluation 


Fig.3 Functional diagram of the complete echo canceller in the 2048-kbit/s PCM path 


set, if only tap weight, C;, is adjusted to 
+0.5 and all the others to 0 (Fig.4). 


Since in practice the various frequency 
components of the analog signal in the 
echo path are subject to differing delays 
and losses, there will be several tap 
weights set to + 0. 


Controlling the digital filter 


The coefficients of the tap weights 
(Fig.5) are adjusted principally in those 
periods when only the far-end party is 
talking. In these periods it is possible to 
measure the residual echo, e(f), without 
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falsification and to apply it to the control 
loop as the controlled variable (Fig. 6). 
The filter is not optimally adjusted until 
the mean squared error E over a time, 
—t to +t, reaches a minimum in the 
equation 


1 +E 
E = De J e*(t) dt 
where 


e(t) = a(t) — y(t) 
= a(t) — C,-x,(t) — C,- x2(t) 
es =e gag th) 


P/S Parallel-serial conversion 
RP Receive path 

S/P Serial-parallel conversion 
SPU Speech processing unit 
TP Transmit path 

Tits Transistor-transistor logic 


Each individual coefficient, C;, must be 
adjusted without regard to the other 
coefficients in such a way as to mini- 
mize E. The optimum adjustment can be 
found not by computation but by a 
recursive process. In this process, the 
correlator detects similarities between 
the echo signal, e(t), and the signal at 
the delay line tap, x,(t), by the presence 
of the same sign. The associated coeffi- 
cient, Cj, is moved by the value 4 in 
the positive direction every time there 1s 
agreement and moved back in the nega- 
tive direction by the same value 4, if 
the sign is opposite. 
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Transmit path 


Receive path 


a(t) Signal component of the far-end party 
C, toc, Coefficients of the tap weights 
e(t) Residual echo 


Fig.4 Principle of the variable digital filter 


Delay j-125,Is 


C(j+2) 


C(j+4) 


a(t) e(t) 


r Time constant of the delay network 
x,(t) tox, (t) Signals from the delay line taps 
y(t) Echo replica 


Depending on the amplitude of these 
positive coefficients C, the x signals 
are through-connected from the 
delay line 


Depending on the amplitude of these 
negative coefficients C, the x signals 
are through-connected in reversed 
form from the delay line 


2 
5 
CS) 


Fig.5 Typical setting of the coefficients in the tap weights for a complex echo 


This produces 


@ positive coefficients due to continu- 
ous addition of the value A, 


e negative coefficients due to continu- 
ous subtraction of the value A, also 


e coefficients varying about (0 + A) 
because the signs detected by the cor- 
relator are just as frequently the same as 
opposite. 


When the optimum value of each indi- 
vidual coefficient is reached, the cor- 
relator ceases to detect any similarity 
between e(t) and x;(t), i.e. the signs are 
on average just as frequently the same as 


they are opposite, and the associated 
coefficient cycles about its final value. 


The value A has a decisive effect on 
both the rate and accuracy of adjustment 
by the digital filter. The filter is required 
on the one hand to adapt as rapidly as 
possible to a new echo path; this 
requires a large value. On the other 
hand, the echo path has to be modeled 
as accurately as possible and _ this 
requires a very small value. Both 
requirements are met by the provision of 
a circuit which produces large values 


for A when cancellation is inadequate 
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Multiplexing 


Step size 

Coefficient of tap weight j 
t) Residual echo 

Time constant of the delay network 
x; (0) Signal from tap j of the delay line 
y(t) Echo replica 


Fig.6 Control loop for optimizing 
the individual coefficients 


and then progressively reduces these 
values as the effectiveness of the cancel- 
ler increases. 


A measuring facility is therefore pro- 
vided to detect the degree of effective- 
ness. It operates by measuring the loss 
between the receive level and the 
residual echo level. In order to prevent 
the measurement being falsified by near- 
end background (which would simulate 
low attenuation), a correction is made 
using an additional background noise 
measurement (Fig.7). 


While the loss measurement is _per- 
formed merely during periods when only 
the far-end party is talking, the back- 
ground noise measurement occurs solely 
during periods when neither party is 
talking. Both measured values are 
retained in buffer storage for the other 
periods in order to maintain canceller 
operation. The measurements are per- 
formed not on the instantaneous sample 
values of the particular voice signals but 
on the rectified and filtered signals 
(envelopes). 
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Fig.7 Measuring loss to provide the optimum value and to control the nonlinear processor 
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Fig.8 Forming the center clipper threshold 


Technical implementation 


If the filter is to model echo paths with a 
delay of 40 ms, a delay line with 330 taps 
and a memory for the same number of 
coefficients per telephone channel is 
required. The digital filters are grouped 
in fours, operating in multiplex, to form 
a single circuit. The majority of this cir- 
cuit is accommodated in a gate array. 
Multiplexing enables a single multiplier 
to handle 4 x 330 coefficients. 


Operation of the center clipper 


The purpose of the center clipper is to 
eliminate the residual echo remaining 
after cancellation, while allowing the 
speech of the near-end party to pass 
through unhindered. Discrimination 
between residual echo and speech trom 
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the near-end party is provided by a com- 
parator which compares the transmit- 
path output signal with the center clip- 
per threshold (Fig.7). 


According to CCITT, the center clipper 
may only operate when the far-end party 
alone is talking. During double-talk, 
however, it must be disabled as quickly 
as possible so as not to impair the voice 
signal of the near-end party. It is unim- 
portant if, as a result, a residual echo 
enters the transmit path, because it will 
be masked anyway by the louder speech 
of the near-end party. 


The lower the center clipper threshold, 
the more easily the near-end party can 
break in. However, this increases the 
likelihood of a residual echo entering 
the transmit path while the near-end 
party is not talking. The optimum center 
clipper threshold is therefore always set 
by a control circuit to remain slightly 
above the level of the expected residual 
echo. The envelope of the residual echo 
is derived as an approximation from the 
artificially extended envelope of the 
receive-path signal and the echo loss. 
The degree of artificial extension 1s 
selected in such a way that the center 
clipper threshold does not go too low 
even with maximum delay in the end 
echo path (Fig.8). 


As soon as the center clipper threshold 
is exceeded by the speech level of the 
near-end party, the center clipper is dis- 


abled with a hangover time of a few mil- 
liseconds. This ensures that occasional 
lower-level speech components can pass 
unhindered to the transmit-path output. 


Disabling the echo canceller 


However important echo control devices 
may be in long-distance links, there are 
nevertheless operating conditions in 
which they are ineffective and even un- 
desirable. For these situations, echo 
suppressors as well as echo cancellers 
are fitted with equipment to permit 
remote-controlled disabling. 


The digital echo canceller can be dis- 
abled channel by channel using various 
criteria. In the relevant channel all the 
coefficients in the digital filter are reset 
so that it ceases to produce an echo 
replica; the center clipper is also 
switched off. 


Disabling via a bit in the signaling channel 


This bit (e. g. bit c) is transmitted by the 
exchange 


e during call setup in which no VF hy- 
brid has yet been connected. The switch- 
ing signals are transmitted on the speech 
paths and could be falsified by the unad- 
justed canceller; 


e during data transmission on the tele- 
phone channel since these digital signals 
have to be passed through unchanged at 
64 kbit/s; 


e when several circuit sections are con- 
nected in tandem and each section has 
its own echo control devices. The ex- 
changes then disable all the echo control 
devices along the route except for those 
at the two ends of the overall link. 


Disabling via a 2100-Hz tone 


This tone is transmitted by data terminal 
equipments to introduce the data. The 
data are then exchanged in the VF band. 
The echo control devices are not re- 
enabled until transmission in both direc- 
tions has ended. 


The 2100-Hz tone detector [1], inte- 
grated in the echo canceller for this pur- 
pose, operates by counting the polarity 
changes in the VF signal per time unit. 
The polarity changes can be detected 
directly in the PCM signal by the chang- 
ing of the most significant bit. The time 
units are provided by the length of the 
frames (125 us) in the signal. 
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PCM/Linear Conversion from compressed 
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Fig.9 Functional diagram of the phase reversal evaluation (PRE) module 


The 2100-Hz tone is regarded as de- 
tected when either 30 frame lengths 
(equivalent to 2134 Hz) or 31 frame 
lengths (equivalent to 2064 Hz) are 
counted for eight polarity changes. 


A delay circuit prevents the detector 
from operating, if this frequency range 
occurs briefly in the speech. Once the 
detector has clearly recognized the tone, 
however, it switches to broadband oper- 
ation. The resultant status is then main- 
tained not by reference to signal fre- 
quency but to signal level. If the signal 
level falls below a minimum value for a 
prolonged period, the tone detector re- 
enables the canceller. The detector 
operates in both the transmit and 
receive paths and always switches auto- 
matically to the path with the higher 
level. 


Whereas echo suppressors must always 
be disabled for data _ transmission 
because they could interfere with the 
data flow, echo cancelicrs are of use for 
data also and should therefore remain in 
operation. For this purpose, a phase 
reversal evaluation (PRE) module is 
additionally provided to prevent the 
tone detector from operating unless pre- 
cisely defined phase reversals occur in 
the tone. 


Disabling via a 2100-Hz tone 
with phase reversal 


This criterion is applied to the telephone 
path when an automatic test and 


measuring equipment (ATME) is to 
send precise measuring tones over the 
link. For this purpose it is necessary to 
disable echo cancellers as well as sup- 
pressors. 


The circuit for detecting the phase rever- 
sal also operates in both directions and 
is connected at the same time by the 
2100-Hz tone detector to whichever path 
has the higher signal level. 


Fig.9 shows the function for detecting 
phase reversals within a 2100-Hz tone 
[2]. The PCM signal, E, is suitably pro- 
cessed for this purpose and the envelope 
is formed, if a 2100-Hz tone is transmit- 
ted. A phase reversal produces a brief 
dip in the envelope, the size of the dip 
depending on the amplitude of the input 
signal and on the magnitude of the phase 
angle. The influence of the input 
amplitude is eliminated by generating a 
reference threshold which is matched to 
the level at that time. The latter aspect 
of the processing through to forming the 
output signal, DIS, for disabling the can- 
celler, is performed by a signal processor 
on all 32 time slots in real time. 


Alarm signaling and testing 


In this system with its 30 tributary chan- 
nels, the alarm signaling and testing 
functions are performed centrally by a 
microprocessor (80C31). A watchdog 
circuit monitors this processor to ensure 
a troublefree restart in the event of a 
fault. 
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Multiplexing 


Alarm signaling 


The conditions detected are PCM frame 
alignment faults (with the aid of the 
frame detection devices PEB 2030 
employed in the transmit and receive 
paths), reception of AIS alarm indica- 
tion signal (AIS) and bit error ratios 
>107°. Alignment of the signaling 
frame is effected by special hardware; 
loss of alignment is signaled to the pro- 
cessor. Special test routines in the pro- 
cessor detect internal faults in the can- 
celler. Such faults are indicated visually 
by LEDs, extended as alarms and con- 
centrated on an alarm signal panel. 


Since the canceller is looped into a four- 
wire, 2-Mbit/s PCM link, it is regarded 
as route equipment. When faults are 
detected, therefore, this information is 
relayed over the PCM link with the aid 
of the AIS on the transmit and/or 
receive side. 


Testing 


The echo canceller is tested by making 
use of a particular feature. Time slots 
Q and 16 pass through the canceller in 
transparent form, i.e. they are routed 
around the subtractor on the central 
card (TRI). It is thus possible to perform 
a constant check on all the functions of 
the canceller in time slot 0. This is ade- 
quate for a substantial part of the circuit 
(SPU, PRE, TRI) because the same 
hardware processes all time slots. All 
that is additionally required is to substi- 
tute the digital filters on the AFI mod- 
ules sequentially for the digital filter in 
time slot 0 by simply changing the 
address. The processor then feeds a test 
pattern in time slot 0 and monitors the 
response of the canceller. Filter substitu- 
tion is performed under program control 
which prevents ongoing calls from being 
disturbed. 
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Ewald Braun and Eberhard Kugler 


FunaamentalAspects 
of Line Transmission 


Cables with balanced or coaxial copper 
pairs have provided the basis for a 
worldwide communication network for 
many decades. With the aid of transmis- 
sion systems it has been possible to 
increase the traffic-carrying capacity of 
these cables enormously. The V10800 
FDM< system, for example, can transmit 
10,800 telephone calls simultaneously 
via two coaxial pairs [1]. 


With the digitization of communication 
networks, cables are now additionally 
required to transmit digital signals. The 
existing cable plant with copper lines is 
being used for this purpose, although 
cables with optical fibers are being 
employed to an increasing extent, espe- 
cially where new links are to be 
installed. 


Conventional communication via copper 
lines and the new technique of transmit- 
ting via optical fibers have much in com- 
mon. It was thus possible to transfer the 
many years of accumulated experience 
to the new technology with advantage. 


Dipl.-Ing. (FH) Ewald Braun and 
Dipl.-Ing. Eberhard Kugler, 
Siemens AG, 

Public Transmission Systems, 
Munich 


< Spectrum of line equipment for fiber-optic 


and coaxial cable transmission technology 


Transmission route, 
configuration and definitions 


A line transmission route consists basi- 
cally of the cable plant and the transmis- 
sion system equipment and accessories. 
The characteristics and the interfaces 
of cable and transmission systems are 
specified nationally and internationally 
to such an extent that every part can be 
procured and assessed separately. 


For initial systems planning it is suffi- 
cient to know or define the cable char- 
acteristics of a regenerator section 
(defined by CCITT as an “elementary 
cable section”). Other factors which 
must be taken into account include the 
method of interconnecting equipment 
and cable, the space and power require- 
ments of the equipment and other 
equipment characteristics as well as the 
provision of additional services. 


A line transmission route — in digital sys- 
tems the digital line path (DSLP) - 
begins and ends at the terminal stations 
with the line terminating equipments at 
the interface standardized according to 
CCITT Rec. G.703 (Fig. 1). 


If the digital line path includes other ter- 
minal stations for through-connecting 
digital signals without modification, the 
section between two terminal stations is 
termed a digital line section. If the line 
attenuation between two line terminat- 
ing units exceeds the maximum that the 
system can drive, regenerative repeaters 
are inserted at more or less regular inter- 
vals between them. 


The route operates maintenance-free, 
although operability and transmission 
characteristics are monitored continu- 
ously, at least at the end of the route, 
and provision is made for signaling faults 
and disturbances. The various systems 
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Line Equipment 


employ suitable fault location techni- 
ques so that faults along the route, e.g. a 
detective regenerator section or re- 
generative repeater, can be traced from 
the terminal station. The section of a 
digital line path in which faults can be 
located from one or both ends is termed 
a fault-locating section. 


The term section is also used in a similar 
vein with reference to other functions 
such as power-feeding, service channels, 
remote supervision, pressurization etc., 
as shown in Fig. 1. Fiber-optic transmis- 
sion systems do not usually require 
underground repeaters, in which case 
no power-feeding equipment is needed 
either. 


Digital transmission 
via balanced pairs 


The need to increase the transmission 
capacity of conventional unshielded cop- 
per pairs in local interoffice lines arose 
at a very early date. The scope for 
employing frequency-division multiplex 
(FDM) transmission techniques here 
was severely limited by the poor cross- 
talk performance. This is why it was 
decided to introduce the more robust 
digital transmission into what was still 
an analog network environment. Using 
2-Mbit/s systems (PCM30) it was then 
possible for two pairs to transmit thirty 
telephone calls simultaneously instead 
of one. 


The attempt to increase capacity further 
to 8 Mbit/s foundered on the problem of 
crosstalk and would only have been 
possible with shielded pairs. 2-Mbit/s or 
PCM 30 systems were installed in several 
equipment generations [2] and today 
provide a stepping stone for the transi- 
tion from analog to digital transmission 
in the local network. 
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Fig. 1 Configuration and designations of a digital route via lines and cables 


Digital transmission via coaxial pairs 


Had it not been for the advent of optical 
fibers, coaxial pairs of one type or 
another would have become the trans- 
mission medium for digital signals with 
high bit rates. Today and in the near 
future the emphasis will therefore be on 
making best use of the extensive stock of 
existing and still serviceable cable plant 
by converting it to digital operation. The 
family of digital coaxial cable systems 
for 34, 140 and 565 Mbit/s [3] is available 
for this purpose. 


The main parameters of these systems 
are determined by the characteristics of 
the existing cable plant. Another factor 
is that the digital systems must be able to 
operate alongside FDM systems in the 
same multipair cables. This mixed oper- 
ation and the historically evolved system 
parameters, e.g. regenerator spacing 
(Fig. 2), generally preempted any dis- 
cussion about possible spacings during 
the design of digital systems for coaxial 
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Fig.2 Repeater and regenerator spacings on line communication systems 
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cables. By contrast, it was common in 
optical transmission circles to discuss 
laboratory systems in terms of “records,” 
particularly in the early days. 


Coaxial cable technology makes many 
demands on_ transmission systems. 
Besides the basic requirement for inter- 
ference-free signal transmission, there 
are other often conflicting requirements 
to be taken into account with regard 
to power-feeding, lightning effects and 
power-frequency induction, human 
safety and other factors. Moreover the 
relatively large number of regenerative 
repeaters in a link calls for a high degree 
of uniformity and reliability in their 
construction. 


The regenerative repeaters in a coaxial 
cable route are nearly always accom- 
modated in underground containers 
(Fig. 3). As a result, the cable plant and 
system form a certain functional unit 
which offers advantages to the network 
operator. 


Digital transmission 
via optical fibers 


The optical fiber with its large band- 
width and low attenuation is an out- 
standing medium for the transmission of 
digital signals, all the more so since the 
non-linearity of the optical transmitters 
virtually eliminates any other means of 
transmission. Although, the wavelength 
range in the vicinity of 4 = 850 nm was 
used initially, the wavelength range 
around 4 = 1300 nm is now predomi- 
nant. After a large number of pilot proj- 
ects [5], plans for new cable links are 
based almost exclusively on fiber optics; 
the end of the coaxial cable era is 
approaching. 


The system families assigned to the vari- 
ous levels of a communication network 
(Fig. 4) can be defined as follows: 


Systems for the long-haul 
and short-haul line network 


34-, 140- and 565-Mbit/s systems are cur- 
rently in use for this application [6]. 
Work is being carried out on increasing 
the transmission capacity per optical car- 
rier. This system family is typically used 
to span long distances, employing 
regenerative repeaters with maximum 
spacing and large transmission capacity. 
Some of the noteworthy features of this 
system family are its high transmit 
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Fig.3 View along a coaxial route with an open underground container 
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Fig.4 Network levels for fiber-optic transmission systems in a public communication network 
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Fig.5 Maximum regenerator spacings for various digital fiber-optic systems 


power and receive sensitivity, fault loca- 
tion facilities, ease of powering and 
accommodating the repeaters (almost 
exclusively in surface buildings), and 
provision for additional services in the 
metal-free optical cable. 


Systems for local links 


Digital connections in the local network, 
e.g. between local exchanges in a city, 
do not usually exceed 20 to 30 km. 
These distances can be spanned without 
regenerative repeaters between the line 
terminating equipments. Consequently, 
the line terminating equipment can be of 
simpler design than the version for the 
long-distance network. The units for a 
34-Mbit/s and a 140-Mbit/s local net- 
work system are described in [7]. 
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Aspects of the planning of digital local 
networks are discussed in a separate 
article [8]. 


Systems for long feeder links 
with low transmission capacity 


For linking more remote areas, e.g. to 
the nearest local exchange, optical trans- 
mission provides particularly cost-effec- 
tive solutions even at bit rates of 2, 8 
and 34 Mbit/s. Based on the 34-Mbit/s 
system concept referred to above, 
there is the universal system for 2, 8 
and 34 Mbit/s, with no regenerative 
repeater initially [9]. The same line ter- 
minating unit is used for all three bit 
rates; changeover to the particular bit 
rate is programmable. It is thus possible 
to increase the transmission capacity of a 


link in stages without the need to change 
the route equipment. 


Systems 
for the subscriber line 


The optical transmission systems of all 
the other levels of the public communi- 
cation network where the interfaces had 
already been standardized were avail- 
able for widespread introduction rela- 
tively quickly. As regards systems on the 
subscriber line, however, there are a 
number of factors to consider. 


The existing copper loop is perfectly 
adequate for the connection of a tele- 
phone or even for an ISDN connection 
of 144 kbit/s. It will not be necessary to 
extend the optical fiber to the subscriber 
until broadband services such as video- 
conferencing, videotelephony etc. are 
introduced. 


Experience has already been gained in 
this area with BIGFON (Deutsche 
Bundespost project for an integrated 
broadband fiber-optic network) [5]. 
The strategy now developed is for 
the broadband services of the future 
ISDN-B to follow on from ISDN with 
radio and television distribution services 
being added later to form an integrated 
broadband telecommunication network 
(IBFN) [10]. 


Systems 
for analog and digital signals 


The LA7/20LWL system [11] has been 
developed for the low-cost point-to- 
point transmission of analog signals, for 
example video signals, and operates 
with a frequency-modulated electrical 
carrier which in turn modulates the light 
intensity. The system can also be used to 
transmit digital signals of any bit rate up 
to 8 Mbit/s. 


A modified version is used to transmit 
FDM speech signals, e.g. alongside 
high-voltage power lines. 


Optical fibers 
and network expansion 


Fiber-optic transmission is not only 
highly cost-effective but also opens up 
completely new possibilities for the net- 
work operator. Because the cost of lay- 
ing cable today accounts for a significant 
proportion of the overall costs, the plan- 
ning, installation and equipping of a 
route employing coaxial cables requires 
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a responsible long-term investment deci- 
sion. When specifying the coaxial cable 
pair count and the number of under- 
ground repeater containers to be instal- 
led to allow for growth requirements, it 
is necessary to estimate as accurately as 
possible future traffic volume and to 
weigh this against the initial investment 
costs. 


The situation is different for the rela- 
tively light and flexible fiber-optic 
cables. If two or more empty ducts are 
initially laid in the ground and a fiber- 
optic cable is then drawn into one of 
them, any unforeseen change in capacity 
requirements can be readily accommo- 
dated without excavation simply by pul- 
ling through a second optical cable or by 
replacing the first. 


If transmission capacity in the existing 
fiber-optic cable plant is to be increased 
without the plant itself being disturbed, 
the first solution is to change the trans- 
mission system for one providing the 
next higher level of capacity. Since it 1s 
not necessary to divide the existing 
regenerator sections into two or three, 
as for coaxial cable systems, but merely 
to shorten them slightly (Fig. 2) it is con- 
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Conclusion and prospects 
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costs through various measures and 
principles is anticipated in the future. 


The development of fiber-optic systems 
for the long-haul network was able to 
proceed so rapidly because in most cases 
the network operator and hence the 
application profile was clearly identifi- 
able. The relevant standards produced 
by CCITT, CEPT and other bodies for 
coaxial cable transmission were also 
applicable to fiber-optic systems directly 
or at least in their essentials. 


The enormous economies of fiber-optic 
links, referred to previously, and a 
number of other advantages are the 
driving force behind the widespread 
application of this technology. Other 
long-term improvements resulting from 
the use of different wavelengths, lower- 
attenuation cables and different modula- 
tion and transmission principles are 
already discernible. 


There are even signs that costly bit- 
reducing techniques to conserve band- 
width could become superfluous in 
future at certain network levels. Fiber- 
optic systems thus meet all the require- 
ments for the coming era of broadband 
communications (ISDN-B). 
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Ewald Braun and Baldur Stummer 


Digital lransmission 
on Fiber-Optic Cables 
in the Long-Distance Network 


Signal transmission in the long-haul net- 
work requires long distances to be span- 
ned as cost-effectively as possible. In 
fiber-optic networks, as previously in 
coaxial cable links, this means spacing 
the repeaters as far apart as is techni- 
cally possible. High transmit power, low 
line loss and maximum receiver sensitiv- 
ity are therefore the outstanding fea- 
tures of fiber-optic technology. There 
are also a large number of other factors 
to take into account, such as accommo- 
dation, power supply, remote supervi- 
sion and fault location, additional 
operating services etc. These factors 
have to be optimized first in order to 
create the long-distance systems suitable 
for practical operation as described in 
this article. 
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The basic function of the actual digital 
transmission is implemented by the line 
terminating units (LE) with interfaces 
standardized to CCITT Recommenda- 
tion G.703, the regenerative repeaters 
(ZWR) and the optical cable system 
with regenerator sections (/) referred to 
by CCITT as elementary cable sections 
(Fig. 1). The maximum regenerator 
spacings (J) are calculated from the 
system parameters and the cable data 
within the overall optical power budget. 


Transmission capacity and range 


In the short-haul network and more par- 
ticularly in the long-haul network it is 
generally necessary to transmit medium 
and high bit rates over relatively long 


ZWR 


48/60 V 48/60 V 


48/60 V Interface for the 48 or 60 V power supply 


IF Standard electrical interface for the digital 
baseband signals 
I Regenerator spacing 


Fig. 1 Basic elements of an optical transmission link 


a without regenerative repeaters 
b_ with regenerative repeaters 


distances. The basic components of the 
system family suitable for this purpose 
are line terminating units (LE) and 
regenerative repeaters (ZWR). 


With present technologies it is possible 
to build systems up to 565 Mbit/s on one 
optical carrier and work is currently in 
progress to increase this transmission 
capacity. A few years ago the lowest 
transmission rate was still defined as 
34 Mbit/s. However, the growth in 
demand for transmission capacity, the 
increasingly large transmission band- 
width of optical fibers and the relatively 
low extra cost of a 140-Mbit/s system 
have pushed the 34-Mbit/s system some- 
what into the background. 


48/60 V 


ZWR LE IF 


48/60 V 48/60 V 
| es x Line terminating unit 
Zz. Interface for additional functions or services 


ZWR __ Regenerative repeater 
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Optical power at 1300 nm dBm |{-21 =—6 
in the fiber (after connector) 

Spectral bandwidth AA nm 150 4 
Received optical power dBm |-44 oa 
for bit error ratio BER = 107" 

(before connector) 

Maximum theoretical 2 ar 
optical section loss 


System loss allocation 
for dispersion, measuring 
tolerances and other influences 


Maximum practical optical i7 22 
section loss 
Dispersion ps/nm| — 120 


Bandwidth per regenerator section 


* Restrictions: a Only for use without regenerative repeater 


b It should be noted that the maximum regenerator spacing may be reduced by dispersion 


and transmit spectral bandwidth 


LD 
LED 


Laser diode 
Light-emitting diode 


MM 
SM 


Multimode fiber 
Single-mode fiber 


Table 1 Power budget for digital long-distance transmission systems 


There are three different ways of trans- 
mitting high bit rates: fiber multiplexing, 
optical wavelength-division multiplexing 
and electrical multiplexing. As the 
detailed study in [1] shows, electrical 
multiplexing 1s more cost-effective than 
the other two methods. For this reason 
the aim is to increase the bit rate per 
optical carrier as far as this is technologi- 
cally feasible. 


For transmission rates of up to 
140 Mbit/s there are fiber-optic systems 
available for both multimode (MM) fi- 
bers (graded index) and for single-mode 
(SM) fibers. Suitable optical transmit- 
ters on MM fibers are light-emitting 
diodes (LED) or laser diodes (LD). 
LEDs are currently cheaper, but in a 
given link they require more regenera- 
tive repeaters owing to their low trans- 
mit power in comparison with laser 
diodes. Calculations show that there is a 
clear economic advantage in employing 
laser diodes and hence the maximum 
regenerator spacing. The same applies 
to the selection of the optical fiber. SM 
fibers, for example at 1300 nm, have a 
lower attenuation coefficient than MM 
fibers and therefore allow greater 


regenerator spacing. Furthermore, the 
transmission capacity on SM fibers can 
be increased more easily than on MM 
fibers since the bandwidth of the SM 
fibers allows the original system to be 
upgraded. These are generally the 
reasons why the short-haul and long- 
haul networks in the future will employ 
SM fibers almost exclusively. 


A further reduction in the attenuation 
coefficient of the fiber is brought about 
by moving from the 1300 nm range (sec- 
ond optical window) to the range around 
1550 nm (third window). For each of 
these windows there are now dispersion- 
optimized fibers available. They allow a 
considerable reduction in the spectral 
purity requirements for optical transmit- 
ters employed on high-capacity trans- 
mission systems. Finally, optical trans- 
mitters at 1550 nm with a very narrow 
spectral bandwidth can be used even for 
the operation of high-bit-rate systems on 
fibers which are dispersion-optimized 
for the second window. 


Fibers with low dispersion at both 1300 
and 1550 nm _ (dispersion-flattened 
fibers) are just emerging [2]. 
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Line coding 


The function of line codes is to convert 
signals into a format better suited for 
transmission on a given channel. The 
line code must fulfill a number of re- 
quirements, i.e. 


e match the signal spectrum to the 
channel characteristics (noise, band- 
width etc.), 


e ensure bit-sequence independence 
and facilitate clock extraction and signal 
regeneration, 


e provide adequate redundancy for 
fault supervision of the transmission 
route and for locating defective units, 


e restrict redundancy to the minimum 
in order to minimize the demands on cir- 
cuit bit rate and transmission medium 
bandwidth. 


Taking these factors into account, the 
5B/6B line code is well suited for fiber- 
optic transmission systems from 34 to 
565 Mbit/s in the long-distance network. 


The following considerations played a 
decisive role in the selection of this 
code: 


e A two-level signal is the most suitable 
for transmission on optical fibers. 


e The low-frequency component of the 
signal spectrum is negligibly small 
because of the limited RDS (running 
digital sum < +3). 

e The density of signal transitions is 
high and very evenly distributed, the 
number of consecutive symbols of equal 
signal level is restricted to five so that a 
reference clock can be obtained from 
the signal economically and reliably with 
low jitter. 


e The code enables the bit error rate 
(BER) of regenerative repeaters to be 
monitored constantly by detecting when 
the RDS limits are exceeded due to 
errors. In the range from very low to 
very high bit error rates the relationship 
between actual errors and detected code 
violations is very close and largely inde- 
pendent of the signal and error statistics. 


Power budget 


The maximum regenerator spacing 1s 
calculated on the basis of the power 
budget. The minimum optical power 
launched into the fiber and the received 
optical power required to maintain a 
defined bit error rate (Table 1) provide 
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Fiber type 
Optical transmitter 


Max. optical 
section loss 


Fiber attenuation at 1300 nm 


Mean splice loss dB per splice 
Installation length km 

Splice loss coefficient dB/km 
Repair loss coefficient dB/km 
Cable loss coefficient dB/km 

for route planning 

Maximum regenerator km 

spacing 


1.0 0.4 1.0 0.4 
0.2 to 0.1 0.1 to 0.05 0.2 to0.1 0.1 to 0.05 
1to4 | 
0.2 to 0.025 0.1 to 0.0125 0.2 to 0.025 0.1 to 0.0125 
0.35 to 0 0.2 to0 0.35 to 0 0.2 to0 
1.55 to 1.025 0.7 to 0.4125 1.55 to 1.025 0.7 to 0.4125 
11 to 22 to 47 to 80 8.4 to 18.7 to 41 to 31 to 
16.6* 33 i." 28.3 70 53 


* It should be noted that the maximum regenerator spacing may be reduced by dispersion and transmit spectral bandwidth 


LD Laser diode 
LED _ Light-emitting diode 


MM 


Multimode fiber 


SM Single-mode fiber 


Table 2 Calculation of the maximum regenerator spacings in optical long-distance transmission systems 


48/60 V 


5B/6B 5B/6B codec 
CkR Clock recovery 


DSCR_ Descrambler 

e/o Electrical/optical conversion 

iF Standard electrical interface for the digital 
baseband signals 


INT 
o/e 
OR 
OT 
REG 


Interface module 


Regenerative repeater 


SCK Scrambler 


Optical/electrical conversion PS Power supply 
Optical receiver SU Supervision 
Optical transmitter 

Regenerator 


Fig. 2 Functional diagram with the basic digital transmission functions for the line terminating unit and regenerative repeater 
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Fig.3 Line terminating unit (left, with fault-locating unit) 


and regenerative repeater (right) for 34 Mbit/s 


the maximum theoretical section loss. 
From this, deductions are made for all 
those factors which have to be allowed 
for in practice — both calculated and esti- 
mated — to obtain a figure for the max- 
imum permissible cable loss for reliable 
transmission. The cable plant data are 
used in this calculation to obtain the 
relevant regenerator spacings listed in 
Table 2. 


System components 


The functional diagram in Fig. 2 shows 
the digital transmission system func- 
tional units in the line terminating unit 
and in the regenerative repeater. In the 
line terminating unit the signal to be 
transmitted passes through the interface 
module (INT) in the transmit direction. 
Here it is converted into a purely binary 
signal. In the 34-Mbit/s and 140-Mbit/s 
systems the signal is then passed through 
the seven-stage scrambler (SCR); in the 
565-Mbit/s system, scrambling is imple- 
mented in the DSMX140/565 multi- 
plexer. This is followed by line coding 


for 140 Mbit/s 


(SB/6B) and optoelectronic conversion 
(e/o) to produce light signals. 


In the receive direction, the light signals 
are converted back into electrical signals 
in the optical receiver (OR) and are then 
restored in amplitude and time by the 
regenerator (REG). This is followed by 
line decoding (5B/6B) and, if applicable, 
by descrambling (DSCR) the transmit- 
ted signals being fed out in suitable form 
by the interface module (INT). The cir- 
cuits which process the digital signals are 
bipolar integrated circuits. 


The regenerative repeater (ZWR) con- 
tains functional units for each transmis- 
sion direction as also employed in the 
line terminating unit. The system equip- 
ment is operated from a dedicated 
power supply (PS) with a nominal dc 
input voltage of 48 V or 60 V. 


In order to comply with whatever regu- 
lations may be adopted internationally 
to protect eyes against laser light, there 
is provision for automatic shutdown of 
the two lasers either side of a cable 
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Fig.4 Regenerative repeater (left) and line terminating unit (right) 


break. Once the optical link has been 
reestablished, the relevant laser trans- 
mitters can be switched on again on site 
or from the line terminating units by 
pressing a key. 


Supervision and fault location 


The transmission characteristics of the 
digital route are monitored in the receiv- 
ing line terminating unit. Optical and 
electrical alarms (SU) are triggered 
should predefined thresholds be ex- 
ceeded. The alarms can be connected 
as urgent or nonurgent, according to re- 
quirements, and extended via an alarm 
signal panel to the superordinate super- 
vision facility in an exchange. For cer- 
tain important criteria there are also 
separate signaling outputs which cannot 
be disconnected (e.g. for a central ser- 
vice observation facility). 


Disturbances and faults on the route are 
traced with the aid of the fault-locating 
unit. In selecting suitable procedures, 
proven techniques were borrowed from 
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coaxial cable system design, such as sys- 
tem-based fault location requiring no 
additional wires in the cable. The latter 
point is particularly important for non- 
metallic optical cables. 


As in the corresponding digital systems 
on coaxial cables, the 34-Mbit/s fiber- 
optic system locates faults on the re- 
motely controlled loop closure principle, 
while the 140- and 565-Mbit/s systems 
use in-service monitoring. 


With the loop testing procedure, the for- 
ward and reverse directions are inter- 
connected under remote control in each 
regenerative repeater of a transmission 
route in succession. It is then possible 
from a terminal station to trace faults to 
a particular section. Signal transmission 
has to be interrupted for the duration of 
fault locating. 


Fault location by in-service monitoring is 
described in detail in the context of addi- 
tional services in [3]. 


Mechanical design 
and accommodation 


Line terminating units and regenerative 
repeaters are designed as 12-cm wide 
style 7R plug-in insets [4] (Figs. 3 to 5), 
while the functional entities are in the 
form of slide-in modules. Whereas the 
power-fed regenerative repeaters for 
coaxial cables need a special mechanical 
design to take account of power-feeding, 
lightning protection and human safety 
requirements, in optical systems the 
same design is perfectly applicable to 
both line terminating units and regener- 
ative repeaters. This makes it possible to 
install the equipment in narrow racks of 
different heights in normal buildings of 
a telecommunications administration or 
in above-ground shelters. Installation in 
underground containers 1s also possible 
[S, 6]. 


The optical connectors used are Siemens 
developments and products which have 
been submitted for DIN standardiza- 
tion [7]. 


Power supply 


The line terminating units and regenera- 
tive repeaters obtain the required 
energy from the power supply unit 
(Fig. 2) via the 48/60-V interface. This 
energy, backed up by a floating battery, 
can be drawn from the public ac network 
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Fig.5 Line terminating unit (top) 
and regenerative repeater (bottom) 
for the 565-Mbit/s fiber-optic system 


or from any other primary power source 
fed by the sun, wind etc. If power 
sources of this kind are not available at 
low cost locally, dc series power feeding 
via a separate copper cable parallel to 
the optical cable provides an extremely 
attractive alternative [8]. 


Application 


The technical concept behind the three 
systems described here for the long-dis- 
tance network has been tried and tested 
thoroughly, or the systems have proved 
themselves in previous projects [9]. The 
system family is currently being ex- 
panded so that it will be available for 
general application in the long-distance 
network. 
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Josef Domer, Manfred Mehner and Jakob Wahl 


Digital Transmission 
on Fiber-Optic Cables 
In the Local Network 


In addition to the systems used in the 
long-haul network for optical transmis- 
sion of third- or fourth-order digital sig- 
nals over fiber-optic cables [1 to 5], sim- 
plified equipment capable of meeting 
the particular technical and cost-effec- 
tiveness requirements of short transmis- 
sion routes is available for local inter- 
office circuits. 


System design 


The LA34LWLON and LAI40LWLON 
systems are suitable for transmitting sig- 
nals at 34 Mbit/s and 140 Mbit/s, respec- 
tively, in accordance with CCITT Re- 
commendation G.703 and are designed 
for use on multimode and single-mode 
fibers operating in the 1300 nm wave- 
length range. As links between adjacent 
line terminating units (LE) provide line 
sections of adequate length, regenera- 
tive repeaters are not required, and it is 
possible to cascade two line sections 
(Fig.1). In order to match the equip- 
ment cost-effectively to the section 
length to be spanned at the low trans- 
mission rate of 34 Mbit/s, line terminat- 
ing units are available in two versions, 
one with a light-emitting diode (LED) 
transmitter and the other with a laser 
diode (LD) transmitter. The Table lists 
the characteristic values and the spann- 
able section lengths as a function of the 
fiber characteristics and the transmitter 
design for the two systems. 
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Optical line code 


When selecting the line code it was 
necessary to convert the CCITT-spe- 
cified interface code into a code suitable 
for the optical line system [6]. For the 
34-Mbit/s system, the modified CMI 
code MCMI (modified coded mark 
inversion) from the 1B/2B group is used. 
This code has the following advantages: 


@ very simple conversion of the HDB3- 
coded interface signal (HDB3 high 
density bipolar of order 3) to the 
two-level line signal; 


e equally simple conversion back to 
HDB3 code at the receive end; 


e minimal circuit complexity and hence 
low power consumption and high relia- 
bility; 

e no scrambler required; 

e no error multiplication and 

e simple and reliable timing recovery. 


CCITT 
interface 


Line section 


LIC Local interoffice circuit 


CCITT 
interface 


The HDB3-coded 34-Mbit/s interface 
signal is converted to the MCMI-coded 
optical line signal in accordance with the 
conversion principle shown in Fig. 2. 


In the case of the 140-Mbit/s system, the 
CCITT-recommended interface signal 1s 
already in two-level form and is there- 
fore used directly as the line signal. 


Line terminating unit 


Mechanical design 


The equipment is of identical mechani- 
cal design for both systems. A line ter- 
minating unit consists of a style 7R2 
inset (height 300 mm) comprising: 

e two RF slide-in units for the transmit 
and receive directions, die-cast and with 
optical connectors meeting DIN 47256 
and DIN 47257, 


e a voltage converter for connection 


CCITT 
interface 


LE Line terminating unit 


Siemens AG, Fig.1 Basic transmission route configuration for local interoffice circuits 
Transmission Systems, a Normal configuration 
Munich b Special configuration for longer links 
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Line Equipment 


System 34 34 140 34 34 140 

Optical fiber Multimode fiber Single-mode fiber 
(d, = 50 um) (d, = 10 pm) 

Optical transmitter ne LED LD LD LED LD LD 

Optical wavelength jm 1300 

Minimum transmitted power* dBm =20 74 =2 =27 =O =9 

Spectral half-power width <130 © <10 <10 <130 <10 <i) 

of the source diode 

Received power* =3? —3) =32 —39 —39 =33 

(BER <10°") 

Bandwidth ! per regenerator- | MHz 2100 2100 2200 |2=100 210 - 

Dispersion J section ps/nm | - - - - - 230 

Theoretical 19 35 23 12 33 24 

optical route loss 

System margin Bo 6 4 4 “ + 4 

Maximal practical 5 31 19 8 29 20 

optical route loss 

Fiber loss 1,0 0.4 

Specific splice loss 0.2 to 0.05 0.1 to 0.025 

Specific repair margin 0.35 to 0 0.2 to 0 

Specific cable loss 1.55 to.1.05 0.7 to 0.425 

for route planning 

Possible section length km 8.4to  20to 12.3to | 11.4to 41to68 28,5to47 

Re 5 18.1 18.8" 


* These values already include the equipment connector loss. 


** A possible limitation of the maximum section length due to dispersion and spectral transmit bandwidth must be taken 


into account. 


d. Core diameter 
LED _Light-emitting diode 
LD Laser diode 
Table 
for the local network 
a 
HDB3 MCMI 
+1 a " 
-1 eo 00 
0 ss 01 
b 
HDB3 mmh—apu+ 
mew PULLS UL 
HDB3 HDB3 code (high density bipolar of order 3) 


MCMI MCMtI code (modified coded mark inversion) 


Fig.2 Code conversion from HDB3 to MCMI 


a Conversion principle 
b Example of code conversion 
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Characteristics of the LA34LWLON and LA140LWLON transmission systems 


to 48-V or 60-V station battery supplies, 


@ asupervision module and 
e acard compartment. 


In both the transmit and the receive 
unit, all the functional entities required 
are mounted on a common printed cir- 
cuit board. In order to improve heat dis- 
sipation, particularly for the optoelec- 
tronic transducers, the units have been 
provided with cooling fins. 


Fig. 3 shows the arrangement of the indi- 
vidual units in the inset. The transmit 
unit is on the left (Fri, — Frio), the 
receive unit is on the right (F,;, — Foou). 
the voltage converter is in the center and 
below it are the supervision module and 
card compartment. 


H 
Ss en OR et 
Wag E340 MM | 


Fig.3 Line terminating unit LE34LWLON 
for digital transmission using optical fibers 
in the local network 


Circuit design 


Fig. 4 shows a functional diagram of the 
line terminating unit for the 34-Mbit/s 
system. 


The signal applied at F,;, in HDB3 code 
is equalized, regenerated and converted 
to MCMI line code. Subsequent electri- 
cal-to-optical conversion produces the 
two-level optical transmit signal which is 
then launched into the optical fiber. 


The incoming optical signal from the 
transmission route is converted by the 
optical-to-electrical transducer into an 
electrical signal. This signal is amplified, 
regenerated and converted back to 
HDB3 code. 


The line terminating unit of the 
140-Mbit/s system is of similar design to 
that of the 34-Mbit/s system. The rele- 
vant functional diagram is shown in Fig. 5. 
In both systems, the supervision equip- 
ments are used to detect faults and dis- 
turbances within a line section. These 
are indicated by LEDs on the supervi- 
sion module and passed on to a central 
supervision facility. 


The transmit and receive units contain 
equipment for monitoring the incoming 
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data signal and clock supply. In the 
receive unit, the signal is additionally 
checked for code violations, and the bit 
error ratio (BER) is evalutated. With a 
BER=10-°, an A alarm (urgent) is initi- 
ated; a BER=10 °° produces a B alarm 
(nonurgent). 


Test point Mf, in parallel with signal 
output F,,,, 1s used for checking the F2 
signal. Test point Mcp allows the code 
errors to be counted via an associated 
counter. Both of these test points are 
accessible from the front of the modules. 


Transmit unit 


Fig.6 shows, as an example, the func- 
tional diagram for the transmit direction 
of the 34-Mbit/s system with LED trans- 
mitter. 


The incoming signal present at input F),;, 
first passes through a gain-controlled 
equalizer which compensates the fre- 
quency-dependent loss of up to 12 dB 
introduced by the station cable at the 
17 148-kHz Nyquist frequency. The sig- 
nal is then fed to a regenerator (ADC, 
TDC) incorporating a passive, low-Q 
timing recovery circuit in order to 
achieve the required input jitter toler- 
ance. The MCMI coder section (COD) 
converts the regenerated HDB3 signal 
into the two-level signal with a symbol 
rate of 68736 kbauds. The timing signal 
required for this purpose is produced by 
doubling the 34368-kHz timing signal 
recovered from the HDB3 signal. 


In the transmit module (TXM), the sig- 
nal is converted from electrical to optical 
form and the light pulses are launched 
into the fiber tail. The transmit amplifier 
(TA) is used to drive the transmit mod- 
ule. In addition to the optoelectronic 
transducer, the hermetically sealed 
transmit module also contains a Peltier 
cooler. This ensures a high degree of 
reliability even at high operating temp- 
eratures. 


As well as the LED transmitter version 
described above, the 34-Mbit/s system 
can be equipped with a laser diode (LD) 
transmitter, again with a Peltier control 
circuit, to enable longer sections to be 
spanned. A laser shutdown circuit in 
the LD transmitter prevents personnel 
being exposed to laser light in the event 
of a fault. 


The signal supervision circuit in the 
transmit unit has three functions: 
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Line Equipment 


| 
| 
Mf 


34 368 kbit/s | 68736 kbauds 
HDB3 MCMI 
1Vop/75Q Optical signal 
ee | 
| 
AIS Alarm indication signal MCMI MCMtI code (modified coded mark inversion) 
COD MCMtlencoder OR Optical receiver 
DEC  MCMI decoder OT Optical transmitter 
EQ Equalizer PS Power supply (voltage converter) 
HDB3 HDB3 code (high density bipolar of order 3) SU Supervision circuit 
Mcp Code error test point TA Transmit amplifier 
Mp Test point for F2 signal 


Fig.4 Functional diagram of the LE34LWLON line terminating unit for the local network 


139 264 kbit/s 278528 kbauds 
CMI CMI 
1Vp_p/75Q 60 | Optical signal 
5 | 
F0% out | 
| | 
AIS Alarm indication signal OR Optical receiver 
CMI CMI code (coded mark inversion) OT Optical transmitter 
EQ Equalizer PS Power supply (voltage converter) 
Mcr Code error test point SU Supervision 
Mp Test point for the F2 signal TA Transmit amplifier 
Mpopt Test point for laser diode bias current VCO  Voltage-controlled oscillator 
or the equivalent received power 
Fig.5 Functional diagram of the LE140LWLON line terminating unit 
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Line Equipment 


eee z: 


ee De decd 


1 F1 out 


TBER BER3 CKSU AIS AIS-E 


ADC Amplitude decision circuit 
AIS Alarm indication signal 
AIS-E AIS turn-on signal 


AGC _ Automatic gain control circuit 
BER3 Bit error ratio =10~° 

CED = Code error detector 

CKD _ Timing signal doubler 

CKSU_ Timing signal supervision circuit 
COD MCMtI encoder 

EQ Equalizer 

Fig. 6 


e to establish that the input signal is 
present at F,,,, 


e to determine the BER and 
e tocheck the timing signal. 


If the input signal or timing signal are 
not present or the BER of 10° is ex- 
ceeded, an A alarm is initiated. Instead 
of transmitting the traffic signal at out- 
put F; ,,,, it is replaced by an alarm indi- 
cation signal (AIS) in order to suppress 


HDB3 code (high density bipolar of order 3) 
Timing signal for BER 

MCMI code (modified coded mark inversion) 
PC Peltier cooler 

TA Transmit amplifier 

Temperature control circuit 

Time decision circuit 

TR Timing recovery circuit (34 MHz) 

Transmit module 


Functional diagram of the transmit unit in the LE34LWLON line terminating unit 


alarms in downstream equipments. The 
alarm can be disconnected if no signal 1s 
present at F,;, by means of a switch on 
the front panel of the supervision mod- 
ule. A yellow LED in the switch lights as 
a reminder. 

An integrated CMOS standard cell 
device (CED) is used for detecting code 
errors in the HDB3 signal and determin- 
ing the BER. Fig. 7 shows an LED trans- 
mit unit. 


Fig.7 Transmit unit with LED transmitter for 34 Mbit/s 
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Unlike the 34-Mbit/s system referred to 
above, the 140-Mbit/s system uses an 
integrated decision circuit device and, 
for timing recovery, a phase-locked loop 
(PLL) circuit using a surface acoustic 
wave oscillator as a voltage-controlled 
oscillator (VCO). The optical transmit 
section is provided with a monitor diode 
circuit for controlling the optical 
amplitude. Even if this control circuit 
fails, a special current limiting facility 
reduces the optical amplitude to a level 
at which there is no danger to personnel 
from laser light. Consequently, a laser 
safety shutdown circuit, which generally 
shuts down both directions, is not re- 
quired in this case, thereby ensuring 
unidirectional operation of the system. 
A Peltier control circuit is likewise pro- 
vided for cooling the laser. The opera- 
tion of the laser can be simply checked 
via jack “Mp.” by measuring the laser 
diode bias current. 


Receive unit 


By way of example, Fig.8 shows the 
functional diagram of the receive direc- 
tion of the 140-Mbit/s system. 


In the receive unit, an avalanche photo- 
diode (APD) receives the incoming sig- 
nal at F,;, and converts it to an electrical 
signal. The supply voltage for the APD 
is produced by a de converter controlled 
by the AGC circuit. The recovered elec- 
trical signal is fed to the decision device 
via a low-noise preamplifier, a low-pass 
filter for band limiting and an output 
stage. The data signal is regenerated in 
the decision device, which is also used in 
the transmitter module. 


The following amplifier at the “DATA 
OUT” output of the device matches the 
data signal to the CCITT interface. The 
timing is recovered using a PLL circuit 
with VCO via a differentiator and phase 
shifter connected to the output stage. 
The VCO operating at 278528 kHz is 
realized as a surface acoustic wave oscil- 
lator. The timing signal and eye diagram 
can be checked at test points on the deci- 
sion device. The substituted AIS signal 
can be launched onto the data path via a 
multiplex input (MX) on the device. 
Jack “Mp,” accessible from the front 
of the unit, can be used to measure the 
intensity of the incoming light at F; ;,. 


The receive unit of the 34-Mbit/s sys- 
tem is of similar design to that of the 
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' Eye 


| Timing signal 
| ® 
F2 out | 
—<-o 


Ee) 


AIS Alarm indication signal 

AIS-E AIS turn-on signal 

BER3 Bit error rate >10~° 

CE Code errors 

CLK _ Timing signal 

Mcr Code error test point 

Mp> Test point for the F2 signal 

Mpop Test point for equivalent received power 


MX Multiplex 

PD Phase discriminator 

PLL Phase-locked loop 

TB Time base 

Veer Reference voltage 

VCO _ Voltage-controlled oscillator 
VM Violation monitor 


Fig.8 Functional diagram of the receive unit in the LE140LWLON line terminating unit 


ASP Alarm signal panel 
FP Fuse panel 

LE Line terminating unit 
TP ‘Terminal panel 


Fig.9 Style 7R rack containing units 
of the line equipment (height 2.6 m) 


140-Mbit/s system. A passive timing re- 
covery circuit is used in place of a PLL; 
in addition, a MCMI decoder is required 
for converting the line signal into the 
HDB3 signal required at the CCITT 
interface. Receive-end supervision is 
based on the same criteria as those 
already described for the transmit direc- 
tion. The regenerated data signal is 
monitored for a BER=10°°, in the 
event of which a B alarm is initiated. 


Supervision unit 


The fault and disturbance signals pre- 
sent in the supervision circuits of the 
transmit and receive units are centrally 
processed, indicated and passed on in 
the “supervision” module. In addition to 
the LEDs for the individual alarms, the 
front panel of the module contains a 
switch for alarm disconnection if there is 
no signal at F,;,. The alarm signal panel 
in the rack is activated via the alarm 
evaluator interfaces. Signal outputs for 
the two alarms (A and B) are addition- 
ally available for further processing in 
the central service observation equip- 
ments. In the 34-Mbit/s version, the AIS 
generator is accommodated in the super- 
vision unit. 


Voltage converter 


The voltage converter provides the sup- 
ply voltages for the units of the line ter- 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


Line Equipment 


minating unit; it operates as a single- 
ended flyback converter. With an input 
voltage range of 36 to 75 V, it is intended 
for connection to 48 or 60 V battery sup- 
plies, the operating voltages being iso- 
lated from the supply voltages and the 
outputs protected against short-circuit, 
no-load or overvoltage conditions. 


The resulting supply voltages are super- 
vised individually. In the event of a 
fault, an urgent alarm (A) is activated 
and displayed by an LED in the unit. 


All the operating voltages are fed via 
current-limiting resistors to test jacks in 
the front panel of the unit and can be 
checked using a commercial meter. The 
Operating power output is approxi- 
mately 10 W. 


Mechanical design 


The line terminating units (LE) are 
accommodated in a style 7R2 rack [7] 
2.60m high (Fig.9). It can be equipped 
with one or up to six systems depending 
on requirements. In addition to the line 
terminating units, the rack also contains 
a terminal panel, a fuse panel and an 
alarm signal panel. 
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Line Equipment 


Johann Irnsperger and Erhard Steiner 


Universal Fiber-Optic lransmission 
System tor? &and 34 Mbit/s 


Line equipment LA2; 8; 34 LWL ONR 
is designed as a universal long-range 
optical transmission system which is also 
particularly suitable for rural applica- 
tions. The transmitters and receivers can 
be provided with inexpensive optoelec- 
tronic transducers for use in the local 
and subscriber line networks, as a shor- 
ter range is often adequate in these 
areas. The same line terminating unit is 
used for the three bit rates of 2, 8 and 
34 Mbit/s; changeover to a particular 
rate can be programmed; an in-service 
monitoring facility and interfaces for 
connecting service units are optionally 
available. This also allows unrestricted 
use of all the additional services provid- 
ed by the LAI40LWL and LAS65LWL 
long-haul systems, such as a service tele- 
phone and data channels. 


Dipl.-Ing. Johann Irnsperger and 
Dr. techn. Erhard Steiner, 
Siemens AG, 

Transmission Systems, 

Munich 
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System design 


The technical concept of optical trans- 
mission is based on a laser diode used as 
the optical transmitter, and an optical 
receiver of high sensitivity, particularly 
for the highest bit rate of 34 Mbit/s. The 
system can be equipped with an inex- 
pensive laser module of reduced power 
for applications in the local and sub- 
scriber line networks. Tables 1 and 2 list 
the principal data for the optical and 
electrical system interfaces and for the 
optical transmission path. 


MCMI (modified coded mark inversion) 
has been selected from the 1-bit/2-bit 
group as the transmission code. The 
code rules are as shown in Table 3. 


The main advantages of this code are 
that no scrambler or descrambler are 
required and that coding/decoding and 
timing recovery involve minimal circuit 
complexity. The high degree of redun- 
dancy provided by the prohibited bit 
combination “10” allows additional in- 


Transmission rate 


Transmission code 


Nominal voltage 

Vso at the output 

Impedance one 

Pulse shape ‘e 

Automatic station referred 
cable equalization to 1.024 MHz 
per CCITT on the 

transmit side att fog =6 


Table 1 Electrical characteristics of the F2 interface 


formation to be transmitted by means of 
deliberate code violations. This will be 
described in greater detail below. 


From the user standpoint, the following 
technical features of the system are of 
particular interest: 


e The bit rate can be set via coding cir- 
cuits without changing the equipment 
configuration. 


e The system provides separate 

access to two auxiliary channels with 
maximum transmission rates of 48 and 
64 kbauds, respectively. One of these 
channels employs amplitude modulation 
of the optical signal [2]; the other uses 
the redundancy of the MCMI code. 


e As the high-Q timing regenerator 
operates as a dejitterizer, none of the 
problems associated with jitter tolerance 
and output jitter arise during planning. 


e The alarm evaluator module is 
equipped with a microprocessor, thus 


34.368 


= | 
120 1D 
unbalanced balanced i ee balanced 


Rectangular, as specified in CCITT Rec. G.703 


referred 
to 17.184 MHz 


referred 
to 4.224 MHz 
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Transmission capacity Mbit/s 
Fiber type 
Optical transmitter 


Spectral bandwidth 


Minimum transmitted 
power™ at 1300 nm 


Optical receiver 


Received optical power** 
for BER = 10°" 
(with additional services) 


Theoretical regenerator 
section loss 


System margin 


Maximum regenerator 
section loss 


Regenerator section km 
length*** 


Taking connector loss into account 

Note possible limitation due to dispersion 
and spectral bandwidth 

Assumed cable loss: 

1.55 to 1.05 dB/km (for multimode fiber) 
0.7 to 0.44 dB/km (for single-mode fiber) 


Table 2 Data for the optical transmission path 


enabling special customer requirements 
to be fully implemented via appropriate 
software modifications. 


e A serial data interface is provided 
for system alarms. 


e A V.24 interface for connecting a 
computer to the alarm evaluator is 
optionally available. 


System configuration 


Transmit side 


Fig.1 shows the functional diagram of 
the line terminating equipment, while 
the data for the electrical and optical 
interfaces are listed in Tables 1 and 2. 
The HDB3 receiver (HDB3 high density 
bipolar of order 3) contains an automa- 
tic cable equalizer switchable to the 
three bit rates, the amplitude decision 
circuit and the overvoltage protection 
circuit required for the F2in interface. 
The output signals can be used directly 
to drive the following gate array 1 which 
is realized in CMOS technology (CMOS 
complementary metal-oxide semicon- 
ductor). The fact that the regenerator 


15 to 31 to 24 to 51 to 
aD 50 55 82 18 


12 to 


@ 

- 

E 
nN 


oes Low-cost transmit module 
BER Bit error ratio 

LD Laser diode 

MM Multimode fiber 

SM Single-mode fiber 


design is based on largely digital pro- 
cessing of the HDB3 signal has signifi- 
cant advantages for bit rate switching 
controlled via coding circuits and for 
implementation in integrated circuit for- 
mat. The external circuitry, comprising 
a voltage-controlled oscillator (VCO) 
and a loop filter (LF), provides a high-Q 
regenerator (Q ~ 5000) with dejitterizer 
function. If the incoming signal is dis- 
turbed (F2 alarm), the voltage-control- 
led oscillator is locked to the reference 
timing oscillator (RT) to produce the 
alarm indication signal (AIS) timing sig- 
nal. For monitoring purposes, individual 
errors or a bit error ratio of 1 x 10°’ can 
be inserted in the HDB3 signal. 


The signal is converted to MCMI code 
for transmission to line. The MCMI 
encoder has an additional facility for 
inserting the auxiliary channel. The 
MCMI output signal from the encoder 
drives the optical transmitter. In order 
to satisfy the relevant safety regulations 
of certain countries, a laser shutdown 
facility (LSA) is provided. If this is not 
required, it can be disconnected by 
means of a soldered link. 
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26 to 21 to 46 to 10 to 20 to 19 to 
41 31 73 14 52 28 64 


Line Equipment 


Se ae Sa 
: 
pot fo | fwd fo | 
re fete [ete [ste fs fe | 


com fio 
“fs 


40 to 


Type 1 Standard sensitivity 
(low-cost version) 

Type 2 Higher sensitivity 
(long range) 


Receive side 


In the receive direction, the optical sig- 
nal from the transmission route 1s fed via 
interface Flin to the optical receiver. 
The optoelectronic transducer used can 
be either a low-cost version (type 1) or a 
version with increased sensitivity (type 
2). As the incoming digital signal is addi- 
tionally amplitude-modulated [2], limit- 
ing amplifiers cannot be used. Instead, it 
is necessary to use controlled versions 
with a dynamic range of around 120 dB 
electrical at the lowest bit rate. These 
amplifiers have been implemented with 
an emitter-coupled logic (ECL) gate 
array. As the amplitude-discriminated 
MCMI signal is available at the output 
with CMOS level, it can be used directly 
to drive the following CMOS gate array 
2, where it is regenerated (low-Q 
regenerator). It is then converted to the 
positive and negative binary portions of 
the HDB3 signal in the MCMI decoder. 
This is followed by gate array 1, incor- 
porating the regenerator and dejitterizer 
functions already described for the 
transmit side. The jitter resulting from 
the insertion of additional information 
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Line Equipment 


Auxiliary 

channel: re 

<64 kbaudd HDB3 receiver 
——pe 


F2 : 
ol : 
| Discriminator + 
’ 35 enpenenen ‘one 
iviaer Seer: 
| ae el 
Alb oS GESU 
RT im || PCM-SU SU 
Gate array 1 
fare | ee cee | | | 
signal —————<—= | | 
| | 
ili 3 . To optical 
36 to 75 yn | : cc oy transmitter 
al! Vj 
= 120 V4 
Computer 
interface 
‘ | 
MCE ° SU 
Bit rate ) 
switching | ER il AIS. Timing signal ua 
MF2 out BR |yC | Discriminator + 
Cy] _ programmable 
divider 


Auxiliary 


rn  € EE 


| Regenerator and coder 


Gate array 1 


l HDB3 transmitter | Regenerator 
channel es 
| Receive module 
AIS Alarm indication signal ISM In-service monitoring 
AM-Dem Amplitude demodulator LSA Laser shutdown 
ATS Auxiliary timing signal (time bases) LSU Laser supervision (bias current and failure) 
BR Bit rate switching MCE Code error test jack 
CEI Code error insertion MCMI Modified coded mark inversion 
CESU Code error supervision MF lout Optical transmitted power test jack 
e/o Optoelectronic transducer MF2out HDB3 signal test jack 
BP Error pulses MRS Main route supervision 
ER Error rate PCM-UW  +PCM supervision 
HDB3 High density bipolar of order 3 PSK Phase shift keying 
INT Internal alarm RL Reminder lamp 


Fig. 1 Functional diagram of line terminating unit LE 2; 8; 34 LWL ONR 


via the encoder is thus virtually elimi- 
nated. The AIS generator function is 
implemented using gate array 1 in the 
Same way as on the transmit side. 


In-service monitoring and additional services 


The optimum equipment configuration 
with facilities for in-service monitoring 
(ISM) and additional services can be 
provided in the same way as on the 
LAI40LWL and LAS65LWL long-haul 
systems [2, 3]. The additional functional 
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units required for each transmission 
direction are a phase shift keying (PSK) 
modem and a telemetry regenerator and 
transmitter (TRS). A switching interface 
is provided for operation with and with- 
out a service inset. Insertion and extrac- 
tion of the 4.8-kbaud ISM channel 
(operation without service inset) or of 
the 48-kbaud service channel (operation 
with service inset) are effected via an 
AM modulator on the transmit side and 
via an AM demodulator on the receive 
side. 


2 EEE 6 


LS $+ 


Optical 
transmitter 


7A 5 external 
-{! alarms 


“Nj Service 
inset 


148 kbauds 


Optical receiver 


RT Reference timing signal 

SCE Code error insertion switch 

SrZ Switch: F2in alarm OFF 

SU-Int Supervision interface with microprocessor 
TCE Code error insertion key 

TRS Telemetry generator and transmitter 
T-SU Timing signal supervision 

VCO Voltage-controlled oscillator 

ZIA Additional information extraction 

yAls Additional information insertion 


Transmission of additional information 
Encoding 


In the system described, bit combination 
“10,” for which there is no provision in 
MCMI code (Table 3), is used for trans- 
mitting additional information [4]. For 
each “1” of the return to zero (RZ) sig- 
nal transmittable in the auxiliary chan- 
nel, “10” is transmitted twice in the main 
channel, once instead of a “+1” and 
then instead of the subsequent “—1” in 
the HDB3 signal. The state diagram for 
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Fig. 2 State diagram for encoding 
with additional information (ZI) 


encoding the additional information is 
shown in Fig.2. If no additional infor- 
mation is to be transmsitted, 1.e. the 
supplementary channel is at binary “0” 
(Z = 0), the coder is in state 1. The 
incoming HDB3 signal is converted to 
MCMI code. The encoder leaves state 1 
as soon as the auxiliary channel has 
changed to binary “1” (Z = 1). It must 
first be changed over to state 3, i.e. on 
the next “—1” in the HDB3 signal. This 
may occur either directly or indirectly 
via state 2, depending on the signal 
characteristics. The next “+1” and sub- 
sequent “—1” are then encoded as “10.” 


Fig.3 shows an encoding example. The 
coder goes directly from state 1 to state 3 
and back to 1 via state 4. 


Decoding 


As shown in Fig.4, a “00” in the main 
signal causes the decoder to go directly 


HDB3 code MCMI code 
1 11 
-] 00 
0 01 
prohibited 10 
HDB3 High density bipolar of order 3 


MCMI Modified coded mark inversion 


Table 3. Conversion law for converting 
HDB3 to MCMI code 


Line Equipment 


ROnnOnEON L@!1@/O| sa 
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Z Supplementary channel 


Fig.3 Example of coding with additional information 


from initial state | to state 2. It is then 
primed to receive a binary “1” in the 
auxiliary channel (Z = 1). On the next 
code violation “10,” it changes to state 
3, unless it has already been returned to 
initial state 1 by a “11.” The next code 
error “10” is interpreted as binary “1” in 
the auxiliary channel. The decoder pro- 
duces a bit-wide pulse relative to the 
main channel and reverts to state 1. If a 
“OO” occurs in state 3, this is interpreted 
as a disturbance and the decoder goes 
back to state 2. 


Technology 


Analog functions have been imple- 
mented using bipolar integrated circuits 
in “master slice” technology. One device 
contains a differential amplifier, an 
amplifier with an active rectifier as well 
as an amplitude discriminator for binary 
and ternary signals. This circuit is used 
in the HDB3 receiver for automatic 
cable equalization and as an amplitude 
discriminator, as a 70-MHz oscillator 
with CMOS-compatible outputs and as a 
linear amplifier in the optical receiver. 


Another device from the same family, 
which was developed for the LA140 
LWL ON system, is also used here. It 
contains the drive circuit for the laser, 
an AM demodulator and an oscillator to 
amplitude-modulate the laser source. 


Gate arrays 1 and 2 have been realized 
in 1.5-um CMOS technology. Gate array 
1 contains 4727 cells and is used to 75% 
capacity, whereas gate array 2 is used to 
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85% capacity and comprises 3575 cells. 
The devices have been packaged as 
100-pin, four-side flatpacks ideally suit- 
ed to SMD technology. 


Supervision 


The style 7R supervision equipment 
satisfies the requirements of the signal- 
ing system. The functions monitored are 
listed in Table 4. 


In gate array 1, the alarms on the trans- 
mit and receive sides are logically com- 
bined to form the Fl, F2, FH and INT 


+] V: “+1” in the HDB3 signal is encoded not as 
“it” bal ay" 

—1V: “—1” in the HDB3 signal is encoded not as 
“00” but as “10” 

MCMI Modified coded mark inversion 

PCM Pulse code modulation 

pA Additional information 


Fig.4 State diagram for decoding the additional 
information 


105 


Line Equipment 


Transmit side 


e Loss of VCO timing signal 

e Loss of reference timing signal 
e Loss of HDB3 signal 

e Lock of AIS PLL 

e BER 210° and 210°** 

e AIS at F2in 

e Laser failure 

e Laser bias current 


r Switchable to BER 210° 
AIS Alarm indication signal 

BER _ Biterror ratio 

HDB3 High density bipolar of order 3 


Receive side 


e Loss of VCO timing signal 

e Loss of reference timing signal 
e Loss of MCMI signal 

e Failure of MCMI decoder 

e BER210-* and 210°** 

e No light at Flin 

e Lock of AIS PLL 


MCMI Modified coded mark inversion 
PLL Phase-locked loop 
VCO __ Voltage-controlled oscillator 


Table 4 Monitored functions of line equipment LA 2; 8; 34 LWL ONR 


alarms and are transmitted in parallel to 
the “supervision interface” module. The 
individual alarms are additionally trans- 
mitted serially to this module where they 
can be flexibly adapted to suit special 
requirements by programming the 
microprocessor. In this module, the tele- 
gram for the main route supervision unit 
is generated from the error pulses by 
data processing in the microprocessor. 
This telegram is required for evaluation 
in the fault locating unit [2]. 


The “evaluator” module enables a com- 
mercially available personal computer to 
be connected via the computer inter- 
face. This computer can be programmed 
to evaluate the ISM data and system 
alarms to meet specific customer re- 
quirements. 
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Line terminating unit 


The modules for line equipment LA 2; 
8; 34 LWL ONR are accommodated in a 
400-mm style 7R inset. Fig.5 shows a 
fully equipped line terminating unit. It 
basically comprises the vertical slide-in 
units “transmitter,” “receiver” and 
“power supply.” The modules for in-ser- 
vice monitoring (ISM) and connection 
of a service unit are identical with those 
for the LA 140 LWL long-haul system 
[3]. Like the “supervision interface” and 
“evaluator” modules, they can be pro- 
vided as optional equipment. 


The system does not include regenera- 
tive repeaters. Repeater stations are 
implemented as double terminal stations 
incorporating two line terminating units. 


[2] Braun, E.; Steiner, E.: Supervisory System and 
Additional Services for Digital Transmission 
via Optical Waveguides. 
telcom report 9 (1986), pp. 317 to 322 

[3] Braun, E.; Stummer, B.: Basic Equipment for 
Digital Transmission via Optical Waveguides. 
telcom report 9 (1986), pp. 309 to 317 
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Ewald Braun and Erhard Steiner 


Line Equipment 


Suoermision and Adaitional Services 
for Digital Fiber-Optic Transmission 


Systems 


Line terminating units, regenerative 
repeaters and a cable system with re- 
peater spacings (/) are the basic ele- 
ments of a digital fiber-optic transmis- 
sion link (Fig. 1). It begins and ends at a 
standard electrical interface (IF) as 
specified in CCITT Recommendation 
G.703. Operability and transmission 
characteristics are continuously moni- 
tored at the end of the link and disturb- 
ances are reported. The entire link oper- 
ates without maintenance; in most cases, 
the equipment is accommodated in un- 
manned stations [1]. 


Dipl.-Ing. (FH) Ewald Braun and 
Dr. techn. Erhard Steiner, 
Siemens AG, 

Transmission Systems, 
Munich 


Additional services 


The task of rapidly detecting and localiz- 
ing possible disturbances from all the 
stations, as well as providing supervision 
and optimum control of an entire net- 
work on a more or less centralized basis, 
places additional requirements on the 
transmission system. These require- 
ments are hardly less complex than 
those associated with the primary func- 
tion, namely of transmitting digital sig- 
nals at high bit rates. 


In order to evaluate the functional per- 
formance of a transmission link and to 
localize or pinpoint faults on the link 
itself, in the cable plant or in the units, 
the system incorporates its own in-ser- 
vice monitoring facility. A transmission 
capacity of 2.4 kbit/s is sufficient for this 
purpose; nine monitoring signals can be 
additionally accommodated in this bit 
stream. 


Two data channels operating at 2.4 and 
9.6 kbit/s are available for use by main- 
tenance personnel. Whereas access to 
the 2.4-kbit/s channel is provided at all 
points along the route, the 9.6-kbit/s 
channel generally links the two terminal 
stations (Fig. 2). 


An additional 32-kbit/s channel with 
access provided at all terminal and inter- 
mediate stations allows maintenance 
personnel to operate a service telephone 
on a party line or selective calling basis 
as required. 


If the bit streams of all the services are 
combined and a further 1.6 kbit/s is 
allowed for framing and alignment, the 
result is a 48-kbit/s digital signal for all 
the above auxiliary services in a sys- 
tem [2]. 


Normally, these auxiliary services are 
required only once or twice on a link 


IF IF 
| | 
O) O) 
| F2 F2| 
©) O 
ISM 4.8/ i ISM 4.8/ 
PSK 192 (DU) a PSK 192 (DU) 
48/60V © I a ] 48/60 V O I a, I 
SK 48 © FO(OG) SK 48 SK 48 © FO(OG) 
ISM 4.8 GL(OG) ISM 4.8 ISM 4.8 GL(OG) 
IF Interface LE Line terminating unit 
Through-connection for ISM signals SK 48/ISM 4.8 ae 
Ee bie or through-connection FO(OG)/GL(OG) srt eat eon ah 
PSK 192 (DU) oe ue 
of all additional services ZWR Regenerative repeater 
l Repeater spacing 


Fig. 1 Basic units and interfaces of a digital transmission link using optical fibers 
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2.4-kbit/s ISM 


i 


Al o-—-—— 


——-—-O Remote supervision 


Five external messages 


Four internal messages 
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2.4 kbit/s /VII 2.4-kbit/s data channel 
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o--————o o-——-—-O 

9.6 kbit/s/VII 9.6-kbit/s data channel 
<7 Qeres==-f) 


DL(DU) 
Al Alarm interface ISM In-service monitoring 
DL(DU) _ Four-wire through-connection ISM 4.8(DU) Through-connection for ISM signals 
for the service telephone of 4.8 kbaud 


Fig.2 Services and interfaces (diagrammatic) of a digital transmission route using optical fibers 
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Fig.3 Slight modulation of the laser light for transmitting the additional services 


32-kbit/s data channel, 
used as service 
channel 


LE Line terminating unit 
ZWR Regenerative repeater 


comprising a large number of parallel 
systems in the cable; only the in-service 
monitoring facility has to be provided in 
every system. 


Transmission channel 
for the auxiliary services signals 


On coaxial cable routes, the signals of 
the auxiliary services, if provided, are 
transmitted on separate copper pairs in 
the interstices between the coaxial 
tubes. Only the in-service monitoring 
signals are transmitted via the system 
coaxial pair [3]. 


Fiber-optic cables generally contain no 
conducting wires and shielding to enable 
the advantages of this new transmission 
medium to be fully exploited. Although 
it would be possible for the auxiliary ser- 
vice signals to be transmitted centrally 
on a dedicated fiber in the cable, this 1s 
an awkward and costly method, espe- 
cially if only a small number of systems 
are to be operated on a route. The opti- 
mum solution from every point of view 
is to transmit the auxiliary service signals 
together with the primary system sig- 
nals, but independently of them. In the 
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case of fiber-optic systems, there is no 
difficulty in inserting signals into the 
primary system and extracting them 
from it. Unlike coaxial cable equipment, 
it is not subject to high potentials due to 
lightning effects, induced interference 
voltages and the system’s own power 
feeding arrangement. 


In order to minimize any impairment of 
the main signal characteristics caused by 
transmission of the auxiliary signals, the 
48-kbit/s signal is modulated onto a car- 
rier frequency of 192 kHz as a 2PSK sig- 
nal (PSK phase shift keying) which is 
used to amplitude-modulate the digital 
main signal by approximately 4 to 5% 
(Fig.3). If all the other auxiliary signals 
are to be transmitted in addition to the 
in-service monitoring signal, a muldex 
(multiplexer — demultiplexer) is pro- 
vided. Fig.4 shows all the important 
functional units for the main and auxili- 
ary transmission paths in a regenerative 
repeater for one direction of transmis- 
sion. 


In-service monitoring 


As the principle of continuously moni- 
toring a digital route during operation 
has proved its worth on coaxial cable 
links, it has been adopted and extended 
in scope for use on fiber-optic links. 
Fig.5 shows the two transmission direc- 
tions of a digital route with the line ter- 
minating units at either end and a 
number of regenerative repeaters. From 
each unit (line terminating unit, regen- 
erative repeater for each direction), a 
28-bit pulse telegram is transmitted over 
the above mentioned transmission path 
to the relevant line terminating unit, 
where the received signals are evaluated 
and displayed. 


Of these 28 bits, 2 X 4 bits indicate the 
start and 1 x 4 bits the end of the tele- 
gram; the remaining 4 X 4 bits contain 
the actual information (bit error ratio of 
the regenerative repeater and fault or 
status signals of the telemetry signal re- 
generator); in each instance, 2 X 4 bits 
are transmitted normally and inverted, 
for data protection purposes. 


The simplest way to explain how the sys- 
tem works is by reference to an initially 
undisturbed route. First, the line ter- 
minating unit at the far end transmits a 
starter telegram which is received by the 
first regenerative repeater and passed on 


Regenerator inset 
F1 in i | 


EA 
e/o 


Fig. 4 


mm in 


| 
Four internal | 
signals 


SK 48 


ISM 4.8 ‘ 2.4 kbit/s 


Oia © 


xx) ( +» 


Five external 
signals 


To service channel equipment 


Circuit without service inset Mod 

Circuit with service inset Mon 

2PSK demodulator for 192 kHz Mux 
Demultiplexer for the signals 

of all auxiliary services o/e 

Interface for five external signals SK 48/ISM 4.8 
Optoelectronic converter TRS 


Functional circuit diagram for a regenerative repeater 


Line Equipment 
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Fig.5 Principle of in-service monitoring of digital transmission systems 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


109 


Line Equipment 
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Fig.6 Basic and additional units and interfaces of a digital line transmission route 


unchanged to the next one. Thus, as 
long as the telemetry regenerator and 
transmitter (TRS) receives a telegram in 
the transmission path for the in-service 
monitoring signals, it passes it on un- 
changed, i.e. it operates as a regenera- 
tive repeater. As soon as the TRS 
detects the end of a telegram, it adds its 
own to the chain — an analogy would be 
a moving freight train to which a car 
with local information is joined on at 
each station. 


The number of telegrams received in the 
fault-locating unit (OG) at the end of 
the route is equal to the number of line 
terminating units and _ regenerative 
repeaters employed. Each individual 
addressless telegram can be selected for 
evaluation merely by a counting process. 


The cycle time for telegram generation 
is 6.8 s and has been adopted unchanged 
from digital coaxial systems for up to 510 
regenerative repeaters in a supervision 
section on a 565-Mbit/s link. 
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In the event of a route interruption (e.g. 
in the cable between the second and 
third regenerative repeaters), the flow 
of auxiliary signals is also interrupted. 


However, since in the absence of an 
incoming telegram each regenerative 
repeater itself sends out starter tele- 
grams cyclically no later than 2 x 6.85 
after the interruption, the subsequent 
route section operates in the manner 
described above as far as the telegram 
chain is concerned. Thus, the number of 
incoming telegrams at the receiving line 
terminating unit is equal to the number 
of regenerative repeaters still opera- 
tional up to the location of the fault. 


It is therefore possible to determine 
which repeater section has been inter- 
rupted simply by counting the number of 
telegrams received. 


In order to ensure that the remaining 
route sections can transmit the auxiliary 
signals in the event of a total interrup- 


tion, i.e. when no input signal is present 
on the receive side of the regenerative 
repeaters adjacent to the point of inter- 
ruption, these repeaters generate a 
dummy signal and transmit it over the 
remaining route in each case. 


In this way it is possible to locate inter- 
ruptions on the route using the in-ser- 
vice monitoring system. During normal 
operation, a check is kept on code viola- 
tions in a monitor (Mon) in each 
regenerative repeater by reference to 
the running digital sum (RDS). With the 
exception of error bursts, it is thus possi- 
ble to infer the bit error ratio (BER) at 
that point. In the monitor, the error 
ratio is measured at eight levels (for 
example between 10° and 107°) and 
the result inserted in coded form in the 
4 x 4-bit pulse telegram. This enables 
the bit error ratio at each individual 
regenerative repeater to be recorded in 
the fault-locating unit at 6.8-s intervals. 


Remote supervision 


As transmission of the eight levels of the 
bit error ratio requires less than 2 x 4 
bits, nine mutually independent signals 
can be transmitted to the remote super- 
vision facility using the remaining bits 
(Fig.2). In order to enable the same 
fault-locating unit to be used with co- 
axial cable and fiber-optic systems — 
despite differing performance features — 
the coaxial system telegram format has 
been adopted unchanged [3]. The nine 
response signals are thus inserted con- 
secutively into the telegram cycle, so 
that the reporting cycle varies between 
one and eight telegrams, depending 
upon the number of signals present. Of 
the nine signals, five are available for 
external signals (e.g. door contact, bat- 
tery check, etc.) and four for supervision 
functions within the system (e.g. varia- 
tion of the laser bias current) (Fig.4). 
External signals are inserted in the tele- 
grams of one or both transmission direc- 
tions via an interface with five yes/no 
inputs (EA). If a visual indication is 
required at the end of the route, the par- 
ticular type of alarm is displayed within 
an array of nine light-emitting diodes; 
the origin of the signal may be read off 
from the display on the fault-locating 
unit. When a signal of this kind occurs, 
it is optionally indicated as an urgent 
alarm, a nonurgent alarm or an alarm 
due to degradation. 
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Central acquisition 
and processing of operating data 


The signals of both the in-service moni- 
toring and remote supervision systems 
are visually indicated at the end of the 
route. The telegrams are likewise avail- 
able at a data interface (DI) in the form 
of electrical signals. They can therefore 
be processed in a personal computer as 
required and output e.g. in the form of 
clearly comprehensible screen text in the 
desired language and with instructions 
for subsequent action. 


Using appropriate equipment, the data 
can of course be preprocessed, compres- 
sed, combined with other data and 
transmitted via digital links to a central 
location. In general, therefore, informa- 
tion available at the data interface can 
be processed and transmitted in accor- 
dance with individual criteria. 


Data transmission channels 


2.4- and 9.6-kbit/s data channels are pro- 
vided for the central service supervision 
functions discussed in the preceding sec- 
tion (Fig.2). A V.11 interface is avail- 
able and about one eighth of these bit 
rates can be transmitted asynchron- 
ously. 


Service channel 


A voice link for maintenance personnel 
via a 32-kbit/s service channel along the 
transmission route can be accessed from 
all the regenerator stations and the two 
terminal stations. Under this arrange- 
ment, the voice signals are transmitted 
digitally using continuously variable 
slope delta modulation (CVSD). The 
service channel can be set up for either 
a party line or selective calling; with the 
latter, through-connection to the public 
telephone network is provided by means 
of a standardized four-wire interface. 


Service inset 
for the additional services 


Since a fiber-optic cable can accommo- 
date a large number of fibers, a fully 
utilized cable link contains many digital 
systems operating in parallel. If every 
system were to provide additional ser- 
vices, the cost would be unyustifiably 
high. For example, the service channel 
and the data channels are required only 
once, or at most twice, within a route. 


Line Equipment 


Fig. 7 Service units for the line terminating unit (left), regenerative repeater (center) 


and fault-locating unit (right) 


If the equipment for the additional ser- 
vices were integrated into the primary 
system, there would be two versions of 
equipment. This is undesirable in terms 
of keeping spare parts, because each 
specific modification or adjustment to 
the auxiliary services also affects the 
primary system. 


For all of these reasons, and also with a 
view to developing a supplementary 
facility compatible with an entire family 
of digital system units, the equipment 
for the auxiliary services is accomodated 
in its own inset — the service inset (SE) 
(Fig.6). Interconnection is made via 
only a small number of internally stan- 
dardized interfaces, e.g. SK 48/ISM 4.8 
and FO(OG)/GL(OG). Modifications in 
the service inset, such as adaptations to 
suit particular countries or types of oper- 
ation, do not affect the primary system. 
It is possible to use the inset for digital 
systems with a wide variety of bit rates 
(families of systems); personnel need to 
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familiarize themselves with the system 
and its operation only once. 


Fig.6 also shows the external interfaces 
for the various auxiliary services on the 
service inset. The signals can be simply 
through-connected individually to other 
routes or systems or looped back, via the 
PSK 192/ISM 4.8 interfaces. 


Fig.7 shows the service equipment for 
the line terminating unit (left) and the 
regenerative repeater (center). 


The majority of systems on the transmis- 
sion route are not equipped for all the 
additional services; only in-service mon- 
itoring has to be provided in all cases. In 
order to dispense with the service inset 
for these systems, the basic equipment 
(line terminating unit and regenerative 
repeater) is changed over to 2.4-kbit/s 
(4.8-kbaud) operation at the PSK mod- 
ulator (soldered links), as shown in 
Fig.4. If required, a central fault-locat- 
ing unit can be connected at the 
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Fig.8 Fault-locating unit, in which the contents of the in-service monitoring telegrams 
are processed and indicated on the two-line display as programmed 


FO(OG) and GL(OG) interfaces in the 
line terminating unit (Fig. 1). 


Two of these fault-locating units are 
housed in a separate 40-cm high style 7R 
inset, together with the associated power 
supply and the interface modules for 
long-haul data transmission (Fig. 7, 
right). 


A portable fault-locating unit permits 
rapid measurement of the in-service 
monitoring signals at any point on the 
route with the aid of a temporary line 
and a connector (OG) at the line ter- 
minating unit (LE) or the regenerative 
repeater (ZWR). This enables mainte- 
nance personnel to satisfy themselves as 
to the condition of the link at any 
regenerative repeater station. 


Reliability of the auxiliary services 


The auxiliary service signals are trans- 
mitted together with the traffic signals 
on the same optical fiber. An interrup- 
tion in the system or in the optical fiber 
also causes the auxiliary service link to 
be interrupted. A detailed description 
has already been given of how unidirec- 
tional operation is maintained from the 
line terminating unit to the regenerative 
repeater immediately preceding the 
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fault. In order to preserve a continuous 
voice link between the line terminating 
units — even if a system or optical fiber is 
disturbed — it 1s possible to connect the 
service channel equipment at the inter- 
mediate stations to one of two primary 
systems (line redundancy). It is then 
merely necessary for the user to select 
the system which is still operational to 
establish the link. 


In order to improve reliability, the data 
links and the remote supervision signals 
can likewise be operated in parallel over 
two or more systems in the cable. 


The fault-locating unit 
and the programs 


In the fault-locating unit (Fig.8), the in- 
service monitoring telegram contents 
are processed by microprocessors and 
the result is shown on a two-line display 
in accordance with the program entered 
via the keyboard. These values are also 
available in the form of electrical signals 
at a printer interface for hardcopy pur- 
poses. 


More than 20 programs are provided for 
the various operating modes. A wide 
variety of central supervision and trou- 
bleshooting tasks can be performed, 
ranging from the date and time, through 


the comparison between the theoretical 
and actual number of telegrams re- 
ceived, to the bit error ratio of the entire 
line or a reliable operational assessment 
of a regenerative repeater or groups of 
repeaters. 


To provide preventive detection of 
gradual increases in the bit error ratio, it 
is possible to specify limit values for the 
entire route or alternatively for indi- 
vidual sections. When these values are 
exceeded, an alarm is initiated. This 


allows the transmission characteristics of 


the route to be continuously monitored 
during operation and faults to be 
localized from the line terminating unit. 


As mentioned above, all the in-service 
monitoring signals are additionally avail- 
able at an electrical data interface (DI) 
for central evaluation. 


Concluding remarks 


By providing separate equipment for 
transmitting the main signals and the 
auxiliary service signals, with intercon- 
nection via only a small number of inter- 
nal interfaces, a system concept has 
been developed which offers network 
operators and equipment manufacturers 
every facility for achieving optimum sol- 
utions. It enables the auxiliary services 
to be adapted to suit customer require- 
ments without affecting the high-quality 
and complex technology of the primary 
system. Even more importantly, its 
future-proof conceptual and equipment 
design will ensure its compatibility with 
emerging systems in the years to come 
[4]. 
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lransrssion Systems for Video, 
Sound Program and FDM Signals 
on Optical Fibers 


Despite the growing trend toward digital 
transmission, it is still more economical 
in terms of bandwidth requirement and 
equipment complexity to transmit video 
signals for TV using analog systems. 
This will continue to be the case for 
some years to come. In a detailed exami- 
nation of this subject, the author 
describes the individual transmission 
systems employing fiber-optic tech- 
nology. 


Dipl.-Ing. Erwin PichImayer, 
Siemens AG, 

Transmission Systems, 
Munich 


Transmission of a video signal 
and two sound program signals 


Based on the LA7/20GF system describ- 
ed in [1], which operates at a wavelength 
A=850 nm, a new system designated 
LA7/20 LWL 1300 MM has been devel- 
oped for A = 1300 nm. This new system 
retains the field-proven basic principle 
of frequency modulation with a mechan- 
ical design comprising a 300-mm style 7R 
inset with hinged frame (Fig.1) and 
the same facilities for alarm signaling in 
the event of a fault (optionally A or B 
alarm, ZA contact). New features, how- 
ever, include the optoelectronic trans- 
ducers for A = 1300 nm and the capabil- 
ity of simultaneously transmitting two 
sound program signals together with the 
video signal. In addition to two power 
supply modules which generate the —5, 
—12 and +15 V operating voltages from 
the primary supply (60 to 48 V), the 
transmission system comprises four 
modules: transmit module, optical trans- 
mitter, optical receiver and receive mod- 
ule (Fig.2). The transmit and receive 
modules can be omitted for video trans- 
mission without sound. 


Transmit module 


In addition to a video low-pass filter, 
this module contains two sound mod- 
ulators, each producing a frequency- 
modulated carrier with a maximum fre- 
quency deviation (Af) of + 400 kHz at 
6.8 and 7.7 MHz for transmitting the 
two sound program signals. A CCIR- 
recommended preemphasis network can 
be optionally inserted via soldered links 
to improve the signal-to-noise ratio 
(S/N). The input level of the sound pro- 
gram signals can be —3, 0 or +6 dBu, 
with matching provided by soldered 
links. The delay-equalized video low- 
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pass filter limits the transmitted fre- 
quency band at 5.5 MHz and rejects any 
interference frequencies in the range of 
6 to 8.5 MHz to permit the FM trans- 
mission of the two sound program sig- 
nals in accordance with the modulation 
plan shown in Fig. 3. 


The output signals of the two sound 
modulators and the video low-pass filter 
are added to form the baseband (BB) 
signal which is fed to the optical trans- 
mitter. 


Fig. 1 Fiber-optic transmission system 
LA7/20 LWL in the 300-mm style 7R inset 
with hinged frame 
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Fig.2 Functional diagram of fiber-optic transmission systems LA7/20 LWL for one video (TV) signal and 
two sound program signals (maximum link loss at 1300 nm wavelength a, = 19 dB with IRED transmitter 
or a, = 34 dB with laser transmitter; route bandwidth > 50 MHz for multimode fiber; 

at 1.2 dB/km maximum range 16 km with IRED transmit module or 28 km with laser transmit module) 


(BB) 
Baseband a ee - 
3 Hz to 8 MHz IF/Opt 
Video 
3 Hz to 5.5 MHz 
7 : | Video 
Sound 
30 Hz to 15 kHz 
T1 q ——— 
Sound /M\ T2 SS eel a ee 
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BB 
6.8 7.7 MHz 
r a OO 
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e/o Optoelectronic transducer V Video signal 
M Modulator IF — Intermediate frequency 


Fig.3 Principle of frequency modulation (FM) on the LA7/20 LWL fiber-optic transmission system 
for one video (TV) signal and two sound program signals . 
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Using a switch (S), the two frequency- 
modulated sound program signals can be 
disconnected to enable the pure video 
signal to be measured at the respective 
test jacks (M) on the optical transmitter 
and receiver. When the sound modula- 
tors are disabled, an LED lights on the 
transmit module. 


Optical transmitter 


This comprises a modulator section and 
transducer module with circuits for driv- 
ing and stabilizing the laser or [RED 
module (IRED  infrared-emitting di- 
ode). Both are designed in Eurocard 
format and combined to form a double 
module. 


In the modulator section, a 20-MHz car- 
rier signal with a maximum frequency 
deviation of 10 MHz is modulated by the 
baseband signal comprising the video 
signal and the two frequency-modulated 
sound program signals (Fig.2). The 
resultant intermediate frequency (IF) 
signal is extracted from the unwanted 
mixing products, amplified and fed to 
the transducer module at a constant 
level. Details of the modulation process 
are given in [1]. 


The BB signal with a nominal level of 
1V (peak-to-peak) is available at test 
output (M) for monitoring purposes. 
The IF signal of a receiver can be 
inserted via the IF input. This facility 
enables a repeater to be created which 
only operates at IF, thereby obviating 
the need to demodulate the signal to the 
baseband and subsequently remodulate 
it. In the transducer section, the fre- 
quency-modulated IF signal is converted 
into an intensity-modulated optical sig- 
nal with a wavelength (A) of 1300 nm 
and launched into a graded-index or 
single-mode fiber. By using different 
transducer modules, the following opti- 
cal transmitter variants with transmit 
level (p) are possible: 


e IRED transmitter (uncooled) 
with p = — 20 dBm, 

e [RED transmitter (cooled) 
with p = — 17 dBm, 

e single-mode laser transmitter 
with p = —3to —S5 dBm, 

e multimode laser transmitter 
with p = —3 to —5 dBm, 

e multimode laser transmitter 
with p = 0 to —2 dBm. 
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Optical fiber 
(d, = 50 um) 


Optical transmitter with transmit module 
Optical wavelength A 

Spectral half-power width AA 

Minimum transmit power Pans 

Optical receiver 

Dynamic range of the receive power P,.. 
Number of sections 


Required bandwidth per section 
for n sections 


Required receive power P,.. 

for n sections and 
TV transmission (S/Nyideo = 60 dB) 
2-Mbit/s transmission (BER = 10°’) 
8-Mbit/s transmission (BER = 10°’) 

Permissible link loss a,* 

with a system margin of 4 dB 

for n sections and 
TV transmission ($/Nyideo = 60 dB) 
2-Mbit/s transmission (BER = 10°”) 
8-Mbit/s transmission (BER = 10-’) 


Route length L, 
Link loss a, 
Additional loss a,* 
Line attenuation a, ** dB/km 


* Additional loss a, includes inserted optical distributors (loss per connector < 1 dB) and splices 


Graded-index (multimode) fiber 
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Single-mode fiber 
(d, = 10 um) 


Multimode laser module TIRED module Single-mode laser module 
1275 to 1330 1275 to 1310 
a, see eee eee <9 


1275 to 1330 


-17 5 


with optical receive module (OEM) 


>—44to <0 


2 3 4 

70 90 ~=100 
—33 —3/ =30 
=) =39 =3 
—30 -3) =20 
29 28 pH | 
al 30 29 
29 28 27 


** For optical transmitters with IRED module the fiber-dependent loss in the spectral half-width region (A/) must be taken into account 


BER _ Biterror ratio IRED _ Infrared-emitting diode 
d. Fiber core diameter 


Table 1 Optical parameters for signal transmission on optical fibers 


Lower cutoff frequency (— 3 dB) 2 Hz 
Upper cutoff frequency (— 3 dB) 7.5 MHz 


Transmission band 


10 Hz to 5.5 MHz* 


Gain/frequency response in transmission range = +0.2dB 
Delay/frequency response in transmission range = +40ns 

Power supply from battery via converter 60 V,48 V 
Impedance at BB input/output and M output 75 Q unbalanced 
Return loss for f = 5.5 MHz = 28 dB 
Impedance at IF input/output 75 Q unbalanced 
Return loss at IF input/output (for 20 MHz) = 26 dB 

Input voltage U, at IF input (transmitter) 0.1to1V 
Output voltage U, at IF output (receiver) 0.4 V across 75 Q 


Input voltage CCVS (adjustable for U,) 
Output voltage U, 


1.0/0.7/0.5 V across 75 Q 
1.0 V across 75 Q 


Signal-to-noise ratio > 60 dB 
Signal-to-periodic-noise ratio >63 dB 
S/N of line frequency and linear harmonic distortion 
50 Hz pulse tilt =+2% 
15 kHz pulse tilt =21% 
overshoot (rise time 200 ns) =+1% 
Nonlinear distortion at nominal level 
differential gain at 4.43 MHz =+2% 
differential phase at 4.43 MHz ie 
intermodulation (chrominance/luminance) =+2% 


* Without sound program transmission up to 6 MHz 


BB Baseband IF Intermediate frequency S/N  Signal-to-noise ratio 


Table 2 Electrical parameters of the video signal 
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OEM — Original equipment manufacturer 


The laser transmitters are equipped with 
a supervision circuit which initiates the 
usual alarms and turns on an LED on 
the module if the laser current rises to 
1.5 times its initial value due to aging, or 
if the control circuit fails. 


The multimode laser transmitter with p 
of 0 to — 2 dBm is equipped with a laser 
shutdown facility which prevents any 
hazardous escape of laser light if the 
optical transmission path is interrupted. 
As this safety facility requires a back- 
ward channel, it can only be used for 
bidirectional operation without incur- 
ring significant additional cost. 


For unidirectional operation it is advis- 
able to use laser transmitters with p of 
—3 to —5 dBm. They are designed to 
meet the requirements of laser protec- 
tion Class 1 during rated operation, 
emitting no more than 3mW_ under 
worst case conditions if the optical con- 
trol circuit fails. This ensures that the 
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Input (adjustable via soldered links) 
Return loss referred to 600 Q 

Input level (adjustable via soldered links) 
Output 

Output level (adjustable via soldered links) 
Preemphasis / deemphasis 


Frequency response, |30 to 125 Hz 
referred 125 Hz to 10 kHz 
to 0.8 kHz 10 to 15 kHz 


Phase difference between the two channels 
Signal-to-noise ratio, weighted per CCIR 468-2 
Nonlinearity (distortion factor at + 9 dBm0) 
Crosstalk between the two channels 


> 10k or 600 Q balanced 
=>30 dB 

—3 dBu, 0 dBu, +6 dBu 
=21 Q balanced 

—3 dBu, 0 dBu, +6 dBu 
per CCITT Recommendation J.17 
+0.5dB 

+0.2 dB 

+0.5 dB 

<10° 

> 56 dBq Ops 

>47 dB 

>70 dB 


Table 3 Electrical parameters of the sound program signals 


FDM system 


—12 to -36 dBr/— 36 dBr* 
150 Q/75Q 


Fiber-optic equipment 


Fiber-optic link 


12 to 132 
VF channels —20 to -45 dBr/— 20 dBr* 
150 Q/75Q 
—~—~+- 


* 


At optical wavelength 1300 nm 
c/o Optoclectronic transducer 


Fault-locating Optical wavelength 
frequency 820 to 840 nm 
4 Mor 1300 nm 


113 MHz 


FDM _ Frequency-division multiplex 
FL Fault location 


Fig.4 Functional diagram for FDM signal transmission 


maximum permissible radiant exposure 
specified in IEC825 or DIN VDE 0837 
is not exceeded at an observation dis- 
tance of = 100 mm for an exposure time 
of <100 s. The standardizing authorities 
are currently preparing a modification to 
the specifications, whereby laser trans- 
mitters satisfying this condition are as- 
signed to Class 3A. A shutdown facility 
is not required in this case. 


The technical specifications and quality 
parameters are listed in Tables 1 to 3. 


Optical receiver 


The incoming optical signal is converted 
to electrical form in a PIN-FET module 
(PIN positive intrinsic negative; FET 
field effect transistor). A following gain- 
control amplifier produces an IF signal 
with constant level for a dynamic range 
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of the optical input level of —45 to 
0 dBm. As mentioned above, this IF sig- 
nal can be fed to the optical transmitter 
to form an intermediate repeater. 


The frequency-modulated IF signal is 
demodulated and amplified as described 
in [1]. The BB signal (one video and two 
sound carrier signals) is available at 
nominal level at the BB output and test 
output (M). The optical sensitivity of the 
receiver is — 40 dBm, the weighted sig- 
nal-to-noise ratio for video signals being 
= 60 dB. If there is no optical input sig- 
nal or the optical input level falls below 
—44 dB, a supervision circuit (SU) is 
activated which transmits the usual sig- 
nals (A or B alarm, ZA contact) to the 
central service observation facility. The 
alarm is visually displayed on the mod- 
ule by an LED. 


Receive module 


Like the transmit module, the receive 
module also contains three functional 
units: a video low-pass filter and two 
demodulators with appropriate filters 
and amplifiers for the two sound pro- 
gram circuits. 


The delay-equalized video low-pass filter 
is identical to that of the transmit mod- 
ule. It rejects the two frequency-mod- 
ulated sound carriers, and the video sig- 
nal appears at its output. The two sound 
demodulators are driven via band-pass 
filters which only pass the relevant 
sound carrier. Following demodulation 
and amplification, the two sound pro- 
gram signals are available at the sound 
program outputs at a level of either —3, 
0 or 6 dBu, selectable via soldered links. 
If the sound carrier signals are absent, 
an LED lights on the receive module. 


Depending on which type of optical 
transmitter (laser or IRED version) is 
used, an optical attenuation of up to 
34 dB can be spanned by the system with 
a4dB margin. 


If several intermediate repeaters are cas- 
caded with through-connection at IF, 
only the basic noise is cumulative and 
not the linear distortions (frequency 
response, delay, waveform distortion). 
This reduces the permissible route loss 
per section by 2 to 4 dB (Table 1). 


Using the LE2F-GF or DVG8 interface 
unit, a 2-Mbit/s or 8-Mbit/s signal can be 
transmitted in place of the video signal 
[1]. The two sound program circuits can 
then be used as a service channel and for 
transmitting control or supervision sig- 
nals. 


Transmission 
of FDM signals 


Using the V24, V72/132 FDM equip- 
ments and the fiber-optic system, 12 to 
132 telephone conversations or corres- 
ponding information signals (e.g. data, 
protection or supervisory control sig- 
nals) can be transmitted over a fiber- 
optic cable on a four-wire common-fre- 
quency basis [2]. 


As shown in Fig. 4, the FDM signal to be 
transmitted (baseband 6 to 108 kHz) 
modulates the frequency of a 7-MHz 
carrier which in turn controls the inten- 
sity of the optical output signal. At the 
receive end, a photodiode detects the 
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General data 


Number of voice circuits 
Instead of a voice channel 


Transmission method 


Transmission conditions 


Optical attenuation 


Spannable distance at wavelengths of 
§20 nm 
1300 nm 


Frequency ranges 

VF band 

Basic group 

FDM baseband V24 


V72 
V132 


Modulated carrier frequency 
Optical wavelength 


Noise 
Noise power 


of the FDM system (terminal station to terminal station) 
of the fiber-optic system (depending on baseband) 


FDM _ Frequency-division multiplex 
VF Voice frequency 


up to 132 
up to 24 VFT channels 
or data transmission 


Four-wide common frequency 


V12/24 V72 


about 30 dB 


V132 


=20 dB <=15 dB 


10 km 
25 km 


6km 
15 km 


4.5km 
13 km 


0.3 to 3.4 kHz 

60 to 108 kHz 
6 to 108 kHz 
6 to 300 kHz 
6 to 552 kHz 
about 7 MHz 
820 to 840 nm 
or 1300 nm 


180 pW (typical value) 
40 to 60 pW 


VFT _ Voice frequency telegraphy 


Table 4  Electical specifications for transmitting FDM signals 


optical signal which is then converted to 
an electrical signal. Following demodu- 
lation and subsequent amplification, the 
traffic signal is available again in the 
original frequency band of 6 to 108 kHz 
or 6 to 552 kHz. 
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V24 FDM system, a maximum optical 
attenuation of about 30 dB is permis- 
sible. This allows distances of approxi- 
mately 10 km and 25 km to be spanned 
e.g. using a fiber-optic cable with a 
graded-index fiber operating at 
wavelengths of 840 nm and 1300 nm, 
respectively. These figures take account 
of connections, splices, aging, etc. 


For the fiber-optic system (transmit and 
receive equipment as well as cable), a 
noise contribution of about 40 pW can 
be expected on a 25-km link. On routes 
longer than 25 km, a repeater station is 
required, for which an optoelectronic 
transducer with an electrical amplifier 1s 
available. The repeater station with 
branching facility consists of two termi- 
nal equipments. Table 4 lists the rele- 
vant electrical specifications. 


In order to monitor the optical fiber and 
the repeater stations, a fault-locating 
frequency is either added to the fre- 
quency-modulated traffic signal in the 
optoelectronic transducer or extracted 
from it for supervision and evaluation 
purposes. The fault-locating frequency 
equipment corresponds to that of the 
Z12 FDM system. 


The FDM equipment can be accommo- 
dated together with the fiber-optic sys- 
tem in a fully wired multi-section wall 
frame 600-mm high, or in 1.6-m racks. 
Both are suitable for wall mounting. The 
individual equipment insets, like the 
wall frame and rack, are of style 7R 
design [3]. 


[3] Fuller, J.; Weis, G.: Installation Structures for 
Transmission Equipment and Systems. 
telcom report 10 (1987) Special “Multiplexing 
and Line Transmission,” pp. 20 to 27 
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Uwe Bottner and Josef Wiegele 


Planning of Digital Interoftice Trunks 
In the Local Network 


Digitization of the local interoffice trunk 
network is an essential element in the 
transition from analog to digital technol- 
ogy worldwide, and at the same time an 
important milestone on the way to ISDN 
[1]. Whereas this process was initially 
used merely to increase the transmission 
capacity of existing VF cables (pair 
gain), with the introduction of digital 
exchanges it has now become a matter of 
necessity. 


Fiber-optic cables and digital radio relay 
systems now provide extremely cost- 
effective interoffice trunk routes, par- 
ticularly for high traffic volumes. 


This article describes the planning stages 
involved in defining the transmission 
network structure and also discusses the 
technical and economic factors on which 
the choice of route and transmission 
medium is based. In addition, practical 
advice is given on the detailed planning 
of digital interoffice trunk circuits, in- 
cluding analog-to-digital conversion. 


Dr. phil. Uwe Bottner and 
Ing. Josef Wiegele, 
Siemens AG, 
Transmission Systems, 
Munich 
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From the analog to the 
digital local network 


The transition from the analog local net- 
work, which has evolved over many 
years, to the “fully digital” local network 
is generally accomplished in three 
phases (Fig. 1). 


In the past, high-pair-count copper 
cables were used to interconnect local 
analog exchanges. When the VF trans- 
mission capacity of the cables began to 
fall short of requirements, digital tech- 
nology was introduced at a very early 
stage — particularly on long routes - 
in order to increase the transmis- 
sion capacity of the existing cables 
(Phase I — Fig. 1a). 


With the PCM 30 system it is possible to 
increase the capacity of VF cables by a 
factor of 10 to 15, depending on the type 
and design of the cable. Hence the term 
“pair-gain system.” 


In Phase II, economic factors combine 
with transmission capacity considera- 
tions to justify digitizing local interoffice 
trunks during the introduction of digital 
exchanges. 


Analog-to-digital conversion at the 
analog exchange not only leads to im- 
provements in the transmission plan, but 
also primarily enables the number of 
signaling systems used between the 
exchanges to be drastically reduced. 
This second transitional phase is also 
based primarily on the digitization of 
existing VF copper cables. However, if 
the increase in capacity achieved by the 
pair gain effect is insufficient, it will be 
necessary to lay new copper or fiber- 
optic cables or to set up radio relay 
links. 


With the rapid increase in demand for 
transmission capacity and the wide- 


Long-distance network 


Local network 


A/D Analog-digital converter 

AX Analog exchange 

D Digital link 

D/A Digital-to-analog converter 

DX Digital exchange 

Private automatic branch exchange 
VF Voice-frequency transmission 


Fig. 1 The transition from the analog to the 
digital local network 


a Phase I - PCM30 as pair-gain system 

b_ Phase II - introduction of digital exchanges, 
increasing digitization of local interoffice trunks 

c Phase III - all exchanges and local interoffice 
trunks digital 
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Designation 
local 
networks 
Loop signaling 
Standard 2-wire loop — x 
2-wire loop with p wire x 
EMD signaling 
3-wire x 
7- or 8-wire 
4-wireE & M 


4-wire inband 


EMD _ Noble-metal uniselector 
(Siemens switching system) 


Table 1 Types of signaling on local interoffice trunks 


spread possibility of laying cables in 
existing ducts, many PTTs have already 
opted for fiber-optic systems as the back- 
bone of their future local digital net- 
works. Digital radio relay is regarded as 
an additional back-up system or as an 
alternative if the cost of laying cable is 
prohibitive or a tight schedule has to be 
met. In this phase, particular impor- 
tance is attached not only to analog-digi- 
tal conversion of the voice signals but 
also to the cost-effective implementation 
and versatility of the signaling conver- 
sion equipment (KZU) [2]. 


In the long history of analog exchanges, 
the different approaches adopted in var- 
ious countries have led to a great diver- 
sity of signaling on local interoffice 
trunks. A selection of the most fre- 
quently encountered signaling variants 1s 
given in Table 1. Despite the lack of 
international standardization in the field 
of analog-to-digital signaling conversion 
— even the CCITT has only been partly 
forthcoming in this respect — it is essen- 
tial to devise a signaling plan for the 
introduction of digital technology cover- 
ing as wide a range of applications as 
possible while retaining the features of 
present analog technology. 


An important aspect of local network 
planning is defining the transmission 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


long- 
distance 
networks 


E&M_ Exchange and multiplexing —+— _ Single-wire 
MFC Multifrequency code —-+H—  Two-wire 
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Configuration 


Speech path Description Additional 
MFC 


characters 


Balanced signaling 
without ground reference 
Loop signal with 

additional unbalanced dc 
signals 


For directly controlled 
switching systems 
Unbalanced signaling on 
a, b and c wires 


Unbalanced signaling on 
up to 8 wires 


Bidirectional interface 
with E & M signaling 


As above, but inband 
signaling 


(x) 


cable 


Digital long- . 
distance network Analog long-distance network 


Long-distance connection 


mn Local connection cS 


[ ~ 5.5 dBr 
- 3.5 dBr 
AX-TS 


ee ee 


Analog local network 


A/D Analog-to-digital conversion AX-TS Analog exchange - transit 
in the PCM30 system DX-LD _ Digital exchange — long-distance 
AX-LD Analog exchange — long-distance DX-LO Digital exchange — local 
AX-LO Analog exchange - local sc Signaling converter in the PCM 30 system 


Fig.2 Configurations for communication links in the local network 
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Frequency distribution of channel block sizes 
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Fig.3 Typical frequency distribution of the transmission capacity of local interoffice trunk routes 


Frequency distribution of connection lengths 
100 


% 
90 


80 Indonesia 
70 
60 
90 


40 


50 


— Zimbabwe 


20 


10 


0 2 4 6 8 10 12 14 km 16 
Connection length ——» 


Fig.4 Typical frequency distribution of section lengths between local exchanges 


120 


plan and the level diagram in accordance 
with national and international specifi- 
cations, with particular regard to the 
remaining analog section of the net- 
work. On the basis of the relevant 
CCITT Recommendations [3] concern- 
ing transmission plans (G.101, 122, 
etc.), it has been found that relative 
levels of O/—7 dBr at the two-wire 
switching point of the local exchange 
and —3.5/—3.5 dBr at the four-wire 
point of the long-distance exchange 
or at the two-wire point of the tran- 
sit exchange are universally applicable 
(Fig. 2). 


An analysis of numerous local network 
plans has indicated an average transmis- 
sion capacity of between 12 and 60 par- 
allel transmission channels for 2-Mbit/s 
signals, with some plans providing for as 
many as 120 channels (Figs. 3 and 4). A 
similar analysis has shown that the aver- 
age distance between local exchanges is 
about 5 km, though in some cases adja- 
cent exchanges are more than 15 km 
apart. A possible exception concerns the 
connection of concentrators for digital 
line units (DLUs) in rural and met- 
ropolitan areas, where the distances 
involved may be well in excess of 20 km. 


Consequently, 34- and 140-Mbit/s trans- 
mission systems currently predominate 
in urban areas for spanning relatively 
short distances, whereas systems with up 
to 8-Mbit/s capacity tend to be used for 
connecting smaller exchanges or DLUs 
over distances of some 40 km. 


In the future, however, increasing 
capacity requirements fueled by the 
introduction of broadband services 
(ISDN-B) will lead to systems operating 
at higher transmission rates. 


Stages of local network planning 


The technical planning and economic 
optimization of public communication 
networks takes place in a number of 
stages. When planning the subscriber 
network, it is necessary to define the size 
and location of the local exchanges, 
including any concentrators, as well as 
the boundaries of the exchange areas. 
As far as the trunk network is con- 
cerned, the local exchanges in their 
respective local network must be inter- 
connected via switching nodes (transit 
exchanges). Here, too, the number, size 
and location of the transit exchanges 
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must be defined and the trunk groups 
dimensioned in accordance with traffic 
volume and routing considerations, so sh igi 
parameters 
that these parameters can be translated 
with maximum cost-effectiveness into 
physical routes and transmission sys- = Channel 
ee ope : block routing 
tems. For these basic planning stages 
Siemens has developed (among others) 


the following computer programs: Hierarchy levels 


e PLADIN is a program system for 
planning an optimum trunk network in 
terms of traffic routing and transit func- 

ee gg nese eee Cost- Choice of 
tions within a “digital” or “mixed analog wlletiice tainca = op 
and digital” network on the basis of a | medium 
given number of exchanges and their 
locations. 


e ODIV takes as its input the results 
produced by PLADIN to provide a com- 
puter-aided optimization procedure for 
selecting the most economical variant of 
the transmission part of a local network 
in terms of route capacity, transmission 
medium and equipment cost (Fig. 5). 
This procedure, the most important ele- 
ments of which are already in actual use, 
is proving to be an important tool for 
implementing the local network plan- 
ning methods described below. 


| Optimization |) 


Route planning 


Regenerator 


spacing 


nt | 


ETRE eat 


Planning the transmission 
aspects of the network configuration 


Based on the switching network con- 
figuration, transmission planning 1s 
initially concerned with the routing of 
the 2-Mbit/s channel blocks within the 
network. The 2-Mbit/s signals trans- 
mitted by analog exchanges after 
analog-to-digital conversion, or by 
digital exchanges directly, are distrib- 
uted to the outgoing routes in accord- 
ance with their destinations (Fig. 6). 


Channel block routing depends to a 


4-232=14 X Sum of 2-Mbit/s channel blocks, 
large extent on ; L Number of 2-Mbit/s channel blocks operation 
, sure . | — Station B Y Same as X, but standby or spare 
e the transmission medium selected and a Gana Z. Required hierarchy level in Mbit/s 
e the availability and network flexibility eae 
required. Fig.6 Screen display showing typical transmission link configurations in the local network 
With respect to transmission considera- 
tions, the three types of transmission — : ae 
medium, namely application require separate considera- (4, 5] and the transmission capacity 
Pee - eae tion. cannot be upgraded to 8 Mbit/s, for 
e@ balanced copper pairs or coaxial pairs eee ; ae 7 se ; nee 
(if available) At first sight 2-Mbit/s transmission instance, mainly due to the insufficient 
C c 5 . . e 
" - ble and on balanced pairs appears to be a cost- crosstalk attenuation and excessively 
 iiner-Opiie cable au effective solution, as the existing cable _ high line loss of the existing VF cables. 
e radio relay, plant can continue to be used. However, For these reasons, some PT T's employ 
are principally equal. However, active components (regenerative special PCM cable (unit- or S-shielded) 
economic and operational factors as well repeaters) have to be installed at for bit rates >2 Mbit/s, or use existing 
as local circumstances affecting each relatively short intervals of 1 to 3 km coaxial cable. 
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100 2.6/9.5 mm coaxial cable 
at 34 Mbit/s 

(new cables buried) 
1.2/4.4 mm coaxial cable 
at 34 Mbit/s 
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FO cable at 34 Mbit/s 
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Radio relay system 
DRS 34 

PCM 30 

(VF cable available) 
FO cable at 34 Mbit/s 
(new cables installed 
in existing ducts) 


24 km 28 
Route length ——> 


Fig.7 Comparison of the capital costs for various transmission media, referred to 16 X 2 Mbit/s capacity 


their low-loss characteristics they do not 
require regenerative repeaters [6]. The 
only question is which type of fiber to 
use. 


Multimode fibers are adequate for most 
local interoffice trunk lengths up to 
140 Mbit/s and generally involve little in 
the way of capital investment in cable 
and equipment. However, in large net- 
works and in cases where there is a 
rapidly increasing demand for trans- 
mission capacity, the advantages of 
single-mode fibers come increasingly to 
the fore: they are also unquestionably 
suitable for handling future  trans- 
mission requirements, including broad- 
band ISDN and dedicated networks 
operating at very high transmission rates 
(2” x 140 Mbit/s). 


This, together with the advantages of a 
standardized cable and system technol- 


On the other hand, in cases where new 
cable systems are to be installed, the 
technical and commercial advantages of 


a fiber-optic link are obvious. Optical 
fibers allow high-capacity transmission 
systems to be employed; because of 


ogy for local and long-distance connec- 
tions or networks (including the sub- 
scriber area) has already prompted 


2 Mbit/s 8Mbit/s 34 Mbit/s 
| | | DRS 34/... 
| DSMX | 


DSMX_ ! 


EWSD 
(DLU) 


AX 
: Sound ¢ 
FDM VE 5 (10) 
Video 
codec | 
AX Analog exchange 
DKVt2 _ Digital channel distributor for 2-Mbit/s signals 
DLU Digital line unit 
DRS Digital radio relay system 
Fig. 8 Interconnected network at the center DSMX _ Digital multiplexer 
with star network at the periphery (a); hte sg aera ne 7” 
highly interconnected network with alternate re ee eee 
MStD Digital sound program circuit system 


routing and multipath routing of the 


communication traffic (b) Fig.9 Equipment for use in local networks 
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| | 
LE Line equipment 
LE Line terminating unit for 2-Mbit/s transmission 
on voice-frequency (VF) wires 
PCM30 Ist order multiplexer for mixed voice and data 
transmission 
ag Power feeding 
R Regenerator, power-fed 
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many PTTs to install exclusively single- 
mode fibers in their local networks. 


Digital radio relay systems |7| may also 
provide a cost-effective alternative in 
the local network, particularly where 
cable laying is subject to tight schedules 
and/or constructional difficulties. As the 
distances to be spanned in local net- 
works are relatively short, higher fre- 
quency ranges (>10 GHz) can be used. 
This has further advantages: 


e The radio relay frequencies intended 
for long-haul links (<10 GHz) can be 
avoided. 


e Smaller antennas are less costly to 
mount on high-rise buildings or existing 
radio relay towers. 


e Narrower-beam antennas simplify 
frequency planning; the use of passive 
relay stations 1s also facilitated, which 
means that the system can be flexibly 
adapted to suit local topography. 


The high rain attenuation values preva- 
lent in areas of heavy precipitation can 
be precisely determined and incorpo- 
rated in route planning calculations. If 
local conditions cause the original plans 
to be modified, additional relay stations 
can be simply installed as and when 
required. 


Aside from transmission, operation, 
maintenance and infrastructure consid- 
erations, the most important criterion 
for selecting the transmission medium 
and deciding on a particular system is 
cost-effectiveness. With the aid of the 
cost-effectiveness program contained in 
ODIV, specific project-related profita- 
bility computations can be carried out to 
analyze capital costs or calculate the dis- 
counted present value. By way of illus- 
tration, Fig. 7 shows the results of a 
capital cost analysis for a typical local 
network configuration based on market 
prices. However, as the parameters vary 
greatly from country to country and 
from location to location, a separate 
analysis must always be carried out for 
each project in order to obtain an appro- 
priate result. 


Availability and network flexibility 


As in the case of analog technology, the 
digital communication network will in 
practice evolve from a partially intercon- 
nected network (Fig. 8a). The degree of 
interconnection will increase as trans- 


Transmission medium 


Balanced copper pair 


Coaxial pair 


LA140KX 


Optical fiber 


LA2; 8; 34ONR 


2 
34 
140 


Line Equipment 
Transmission system | Effective bit Notes 
rate (Mbit/s) 


Conductor 
diameter 
0.4-1.4mm 


Tubes: 
1.2/4.4 or 


2, 8 or 34 


adjustable 


Wavelength: 
1300 nm 
Variants: 

— Multimode 
— Single-mode 
- LED 


LA3ON ~ Laser 


Radio relay 


Table 3 Planning parameters for transmission systems 
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140 


DRS34/13000 34 Variants: 
DRS34/15000 -1+lorN+1 


protection switching 


DRS140/11200 | — Frequency 
DRS140/13000 and/or 
DRS140/15000 space 
DRS140/18700 diversity 
Table 2 Transmission systems for use in local networks 
Transmission System Route and cable parameters used in planning 
medium capacity 
Balanced ys Route length Attenuation at 1 MHz 
copper pair Conductor diameter Number of conductors 
Wire insulation Cable cross-section 
Capacitance Far-end crosstalk 
Near-end crosstalk Power-feeding 
(0.8 to 1.2 MHz) point 
Route capacity in Permissible power- 
the final feeding voltage 
application stage Cable temperature 
Induced noise voltages 
Coaxial pair 34 Route length Frequency response 
140 Coaxial pair variant characteristic 
(1.2/4.4 or 2.6/9.5 mm) Cable temperature 
Optical fiber 2 Route length Splice loss 
8 Type of fiber Number of installation 
34 Attenuation and reserve splices 
140 Bandwidth/dispersion Optical connector losses 
Radio relay 2 (2 Xx 2) RF range Path profiles 
8 (2 x 8) Length of the Height of existing towers 
34 transmission link Waveguide length 
140 Climatic zone Rainfall data 
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Mode: 1 Non-adjacent trunk groups, little dispersion of 


the crosstalk distribution 

2 Same as 1, but large dispersion 

3 Adjacent trunk groups, small dispersion of the 
crosstalk distribution 


Fig. 10 
a) Wire insulation: paper 
Capacitance: 40 nF/km 


b) Wire insulation: plastic 
Capacitance: 45 nF/km 


mission capacity grows and availability 
requirements become more exacting 
(Fig. 8b). An effective means of increas- 
ing availability is to split the traffic flows 
among different routes (multipath rout- 
ing) and sometimes among different 
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5 6 O20 50 100 200 


Number of parallel systems in the final application stage ——» 


4 Same as 3, but large dispersion 

5 Inthe trunk group, small dispersion of the 
crosstalk distribution 

6 Same as 5, but small dispersion 


Permissible regenerator section lengths for PCM 30 systems 


media (multimedia routing). Many PTTs 
guarantee the availability of particularly 
important high-usage interoffice trunks 
by operating parallel fiber-optic and 
radio relay links (e.g. using LA 140 LWL 
and DRS 140/18000 systems). 


Equipment overview 


A wide range of systems is available for 
conditioning signals for multiplexing 
and transmission (Fig. 9 and Table 2) 
[6, 7, 8]. Dedicated networks for data 
and video transmission are becoming 
an increasingly important feature of lo- 
cal networks. These networks employ 
equipment such as the ZD-A3, MStD 
and video codec to convert the analog 
signals into digital form. 


The digital channel distributor (DKVt2) 
is an extremely useful means of enhanc- 
ing network cost-effectiveness and flexi- 
bility [9]. As a digital cross-connect 
equipment, it enables any combination 
of 64-kbit/s channels to be switched 
through from one 2-Mbit/s channel 
block to another. It can also be used to 
increase the utilization of tie trunks or to 
provide dedicated circuits without rout- 
ing calls via a switching center. It can 
also be employed as an electronic, 
remotely controlled cross-connection 
distributor. 


Determining the regenerative 
repeater spacing and the hop length 


The permissible regenerator spacing for 
cable-based systems and the hop length 
for radio relay systems are determined 
on the basis of the relevant route and 
equipment data. The route data for the 
various transmission media are given in 
Table 3. 


Regenerator sections for systems using 
balanced copper pairs and coaxial cable 


The length of a regenerator section in a 
2-Mbit/s transmission link is primarily 
determined by the permissible attenua- 
tion as detailed in the equipment specifi- 
cations [4, 5]. As PCM30 systems oper- 
ate on a “four-wire” basis, near-end 
crosstalk from within the system and 
from parallel systems has only a limited 
additional effect. 


External interference occurs mainly 
in the vicinity of exchanges, e.g. due 
to thyristor-controlled converters, but 
more especially due to interference 
currents from unbalanced signaling sys- 
tems in electromechanical exchanges. 
Shortening the regenerator section near 
electromechanical exchanges to 50 or 
60% of the nominal length has proved 
an adequate solution in practice. 
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Fig.11 Screen display of an optimization phase for regenerator section lengths 
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Fig. 12 Three typical configurations of fiber-optic links in local networks 


a) Point-to-point connection without regenerators 


b) Point-to-point connection without regenerators, with passive through-connection 
in the intermediate exchange 


c) Point-to-point connection with regenerators 
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The nomogram in Fig. 10 shows typical 
values for practicable regenerator sec- 
tion lengths as a function of the cable 
parameters and the number of parallel 
systems in the cable. A detailed plan- 
ning method, which also covers power 
feeding and fault location, is described 
in [5]. 

As in all “digital” line transmission 
techniques, particular importance 1s 
attached to subdividing the route as far 
as possible into regenerator sections 
of equal length. Fig. 11 shows how a 
computer can be used to optimize 
regenerator spacings for given distances 
between manholes. 


Owing to the high capital costs of the 
cables themselves and their installation, 
digital transmission on coaxial cables 
only makes economic sense if spare tube 
pairs are already available. There are 
advantages in employing systems which 
can share the repeater containers fre- 
quently available [10]. 


Planning fiber-optic links 


As the distances spanned by _ local 
interoffice trunks are relatively short, 
they only require point-to-point connec- 
tions without regenerative repeaters 
(Figs. 12a and b). It is therefore possible 
to implement cost-effective long-haul 
network variants in the local network 
area [11]. If, under exceptional cir- 
cumstances, greater distances must be 
spanned, the above flexibility of the net- 
work should be used to provide “LE-LE” 
through-connection via the standard 
electrical interface rather then using a 
surface regenerator (office regenerator) 
(Fig. 12c). For the same reasons, plan- 
ning provision should be made for opti- 
cal break access points for jumpering 
and test purposes. 

Optimized fiber-optic systems with 
capacities from 2 to 140 (565) Mbit/s are 
now available for local network applica- 
tions [11, 12]. 


The choice of system variant (laser or 
less expensive LED source) employing 
either multimode or single-mode fibers 
is based on the power budget and the 
resultant regenerator section lengths. 
Details are given in [11 to 13]. 


Hop lengths 


In contrast to line systems, where the 
average transmission quality is the main 
criterion, radio relay systems are charac- 
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Fig. 13 Hop length limitation due to rain intensity for the radio relay frequency range >10 GHz 


terized by the percentages of time in 
which certain minimum quality stan- 
dards have to be achieved (bit error 
ratio BER = 10°° and BER = 10° as 
specified by CCIR). Suitable calcula- 
tions provide the required fading margin 
which can then be used to dimension the 
antenna system [14]. 

In the frequency ranges prevalent in 
local networks (above 10 GHz), for any 
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Ewald Braun 


Fiber-Optic lransmission: 
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Prototypes and Pilot Projects 


Experience gained for future networks 


Optical transmission of signals over a 
line only became possible with the 
invention of the optical fiber. With the 
simultaneous emergence some 2() years 
ago of LEDs, laser diodes and photo- 
diodes as optoelectronic transducers, 
engineers in research and development 
laboratories began studying the underly- 
ing principles of this new technology. By 
the early seventies, the recently discov- 
ered transmission principle was being 
demonstrated on working models at the 
relevant technical conferences and trade 
fairs. 


From an early stage, consideration was 
given to the most useful practical appli- 
cations of this type of line communi- 
cation. Due to the relatively short 
regenerator sections and modest band- 
widths possible at that time, the other 
characteristics of optical transmission, 
such as no electrical connection between 
transmitter and receiver, no_ electro- 
magnetic interference, etc., became the 
object of intense interest. 


Dipl.-Ing. (FH) Ewald Braun, 
Siemens AG, 

Transmission Systems, 
Munich 


Early fiber-optic systems 


As these are the very factors which 
severely impair transmission (e.g. of 
video signals) on copper cables, fiber- 
optic transmission was immediately seen 
as a superior alternative. Prototype 
systems were soon built for both analog 
and digital transmission of video signals 
and successful results were achieved. 


One system to emerge as early as 1979 in 
Chicago, USA, was the A5/D10. This 
provided the first fully operational link 
for TV program transmission between a 
studio in the city and the cable TV head 
end on the outskirts (Fig. 1). 


The same system has been used since 
1978 by the European nuclear research 


organization CERN in Geneva to trans- 
mit video signals for service observation. 


Its performance is completely unaf- 
fected by the presence of powerful 
magnetic interference fields [1]. 


A later development, the LA7/20LWL 
system, is now in use all over the world 
not only for video (TV) signals, but also 
for interference-free transmission of all 
kinds of signals in the frequency range 
up to 7 MHz [2]. 


For example, the Hessian Electricity 
Authority (HEAG) uses this system to 
transmit 2-Mbit/s signals via a fiber-optic 
cable pulled into previously installed 
plastic ducting [3]. A system variant with 
the designation LA10/70LWL has been 


x 
eo 


Fig.1 Four A5/D10 fiber-optic systems used as repeaters in a feeder link for TV programs in the USA 
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Fig.2 Walk-in underground container on the Hamburg—- Hanover fiber-optic link with cable termination, 
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Fig.3 Wavelength-division multiplex (WDM) transmission system with two channels (2 X 565 Mbit/s 


and 2 X 140 Mbit/s); wavelengths A, = 1285 nm, A, = 1355 nm, A; = 1480 nm and A, = 1560 nm 
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used in Austria since 1982 as a radio 
relay feeder for transmitting signals 
between modem and transmitter in the 
intermediate frequency (IF) band [4]. 


Digital transmission 
via optical fibers 


With the attenuation of optical fibers 
constantly being reduced and _ their 
transmission bandwidth simultaneously 
increasing, optical transmission came to 
be regarded as an attractive proposition 
even compared with transmission on 
metallic conductors. This, together with 
unfamiliarity with the new medium and 
the desire to gain experience under field 
conditions, was enough to prompt the 
Deutsche Bundespost, as early as 1978, 
to set up a 4.2-km experimental link in 
West Berlin for transmitting 34-Mbit/s 
signals. As this was followed by further 
basic route trials, this initial project 
came to be known as Berlin I [5]. 


The Berlin [ project yielded such prom- 
ising results that just one year later the 
Deutsche Bundespost set up the first 
fully operational fiber-optic link in the 
Federal Republic of Germany between 
Frankfurt (Main) and Oberursel (a dis- 
tance of 15 km) using more sophisticated 
Siemens equipment [6, 7]. 


Following initial evaluation of optical 
fibers in the long-haul and local net- 
works as part of the Berlin I project, 
Berlin IT (1980) was set up to assess the 
possibility of using fiber-optic circuits in 
the subscriber line network. In this proj- 
ect, 76 subscribers had their telephone 
connected to the local exchange via opti- 
cal fibers [8]. 


In order to demonstrate the advantages 
of optical transmission in lightning- 
prone areas and at the same time to 
show how fiber-optic cables can with- 
stand extreme climatic conditions, 
Siemens inaugurated the “Alpentele- 
fon” project for the Deutsche Bundes- 
post: telephones in eleven mountain 
cabins in the Bavarian Alps were con- 
nected to the local exchange down in the 
valley via a cable suspended on poles 


(9]. 


Early in 1983, in order to acquire the 
necessary experience of operating 
higher-capacity fiber-optic links in the 
long-haul network, Siemens supplied 
the equipment and cable plant for the 
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Berlin HI project. This involved trans- 
mitting 140-Mbit/s signals over a 
regenerator section 18 km long using 
multimode (graded-index) fibers. The 
technology tested in West Berlin was 
then used for the first 140-Mbit/s long- 
haul route between Hamburg and 
Hanover. Siemens were the first to hand 
over a fully operational system (Fig. 2) 
[10] and were also awarded the contract 
for the much publicized link to West 
Berlin through the German Democratic 
Republic. 


Finally, the Berlin IV project for testing 
single-mode fibers was initiated. To 
demonstrate transmission using several 
optical wavelengths — known as wave- 
length-division multiplexing (WDM) - 
as part of this project, Siemens 
established a 2 X 565 Mbit/s link oper- 
ating at 1300 nm and a 2 X 140 Mbit/s 
link operating at 1500 nm (Figs. 3 and 4) 
[11]. 


Virtually paralleling the basic research 
or only shortly afterwards, various 
families of optical transmission systems 
were developed. These are described in 
jf 2 to 15). 


In addition to this ongoing series or proj- 
ects in West Berlin, Siemens achieved 
numerous other “firsts” in optical trans- 
mission both at home and abroad, as 
well as at many important trade fairs. 
Meanwhile, several national and inter- 
national links in long-haul and local net- 
works became fully operational and 
have been working faultlessly for years. 


Broadband communication 
over optical fibers 


The Berlin II project had already field- 
tested the use of optical fibers in the sub- 
scriber line network. However, the large 
bandwidth of these fibers allows the sub- 
scriber access to all the existing tele- 
communication services, television and 
radio, the new videoconferencing ser- 
vice and, in the future, video telephony. 
In order to test and evaluate the upcom- 
ing broadband communication services, 
the Deutsche Bundespost initiated test- 
ing of the BIGFON system (broadband 
integrated glass-fiber local communica- 
tion network, Fig. 5) in 1980 [16]. 


Since early 1984, private and business 
subscribers selected by the Deutsche 
Bundespost have been offered the fol- 
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Fig.4 Four-channel wavelength-division multiplexer for single-mode fibers from Fig. 3 


lowing services via one or two optical 
fibers in the BIGFON islands created 
by Siemens: 


e up to sixteen 64-kbit/s channels for 
digital telephony with several new 
ISDN-type service attributes or for 
transmitting data of all kinds, 


e a facility for supplying up to four tele- 
vision receivers and four stereo receivers 


LTRS AIRTEL 
ae ate 
ak 


secretory 
arene 


with theoretically any number of pro- 
grams selectable via a subscriber-con- 
trolled distribution switching system, 
and 


e the new video telephone service with 
TV quality. 
This large-scale experiment, the first of 


its kind and the object of intense inter- 
national interest, is still in progress. Out 


Fig.5 Video telephony for domestic subscribers as part of the BIGFON system trial 
(broadband integrated glass-fiber local communication network) 
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of the total of ten BIGFON islands, 
Siemens has installed islands for groups 
of 28 subscribers each in West Berlin 
and Munich (Fig.5) [17]. The results of 
this experiment will be used for design- 
ing the future integrated broadband net- 


works IBFN and ISDN-B [18]. 


A fiber-optic network has been installed 
in the Bonn local network between the 
major Federal authorities. In this project 
known as the “Federal Authority Net- 
work, Bonn,” fiber-optic cables are used 
for the first time to interconnect existing 
PBXs. This high-capacity broadband tie- 
line network facilitates communication 
between the various authorities and 
additionally incorporates new services 
(e.g. video telephony). It entered ser- 
vice in 1984 [19]. 


In order to study broadband transmis- 
sion and its application to its own 
activities, Siemens set up an in-house 
broadband communication network, 
SICONET® in 1982, specifically for 
business use at its head office in Munich, 
Hofmannstrasse [20]. Over 60 video 
telephone users (Fig. 6) employ this new 
mode of communication in addition to 
all the other services, and maintenance 
personnel have been able to familiarize 
themselves with the system. In recent 
years the services provided have been 
extended to include television, teletext, 
public and in-house videotex as well as 
in-house broadband information re- 
trieval. 


The World Economic Summit of the 
seven leading industrial nations, which 
takes place around May every year, is an 
opportunity for the host country to use 
and exhibit its latest communication 
technology, ensuring that the meeting 
has optimum technical support. At the 
request of the Federal government, 
Siemens provided facilities including its 
broadband communication system for 
the May 1985 meeting in Bonn (Fig.7). 


For this purpose, part of the in-house 
broadband communication network 
SICONET was transported to Bonn 
where it was operated for the week-long 
summit. 


Thus, during the conference video tele- 
phony via optical fibers with simultane- 
ous live document transmission between 
the conference room and the particular 
national distant station was the only 
communication link with the outside 
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Fig.6 Full-motion video communication for transmitting images of people, objects and documents in a 
business environment using the Siemens vicoset® 200 video telephone within the SICONET and BIGFON 
communication networks 


Fig.7 At the 1985 World Economic Summit in Bonn, modern broadband communication equipment 
supplied by Siemens supported the communication needs of the participants from the world’s seven leading 
economic powers 
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world for each of the seven summit par- 
ticipants (Fig.7) [21]. 


Future prospects 


The completely new technology of fiber- 
optic transmission calls for thorough 
testing and evaluation by suppliers and 
operators alike prior to its widespread 
introduction. For this purpose, numer- 
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Hubert Golz and Klaus Schwarzbauer 


Digital lransmission 
on Coaxial Cables 


For decades long-haul communications 
traffic has been chiefly handled via co- 
axial cables, extensive networks of 
which exist in many countries. In most 
cases, the cable systems originally 
designed mainly for frequency-division 
multiplex (FDM) transmission are also 
perfectly suitable for transmitting digital 
signals at least up to the current CCITT- 
recommended maximum bit rate of 
4x140 Mbit/s. Thus, digital transmis- 
sion systems, such as the LA34KX, 
LA140KX and LAS65KX, which have 
been tailored to suit the coaxial cable 
systems used for analog transmission, 
allow existing coaxial cables to be used 
cost-effectively at the various network 
levels [1, 2, 3]. 


These systems can be used with the fol- 
lowing types of coaxial pairs: 


e 2.6/9.5 mm for the LA565KX, 


e 2.6/9.5 mm and 1.2/4.4 mm for the 
LA140KX and LA 34KX, and 


e 0.7/2.9 mm for the LA34KX. 


Dipl.-Ing. Hubert Golz and 
Klaus Schwarzbauer, 
Siemens AG, 
Transmission Systems, 
Munich 
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These digital transmission systems can 
be used in place of corresponding FOM 
systems without any modification of the 
cable plant, the regenerator section 
lengths being compatible with the re- 
peater spacings provided for analog 
transmission (Table 1). The design, 
dimensions and connections particularly 
of the regenerators are likewise tailored 


System 


Transmission capacity 


to the existing cable systems. It was con- 
sidered expedient to adopt tried and 
tested principles for digital transmission, 
namely 

e the combination of the regenerators 
for both transmission directions 

in a common case, 

e the use of only system coaxial pairs 
for all purposes (no auxiliary wires), 


LA34KX LA140KX LAS65KX 


kbit/s 34 368 139 264 
480 1920 


Bit rate 564 992 
Telephone channels 7 680 
Transmission medium 

Coaxial pairs 0.7/2.9 | 1.2/4.4 | 2.6/9.5 | 1.2/4.4 | 2.6/9.5 2.6/9.5 
Nominal regenerator 1550 
section lengths 

Nominal regenerator 62.3 
section loss at 10°C 282 496 
and reference frequency 

(Nyquist frequency) 

Automatic equalization 54 to 84 63 to 85 57 to 69 
Equalization 14 or 28 14 or 28 6 or 12 
using line building-out 

networks in the 

regenerative repeater 

in the surface maximum 56 maximum 56 | maximum 58 
equipment in steps of 14 in steps of 7 in steps of 6 
Power feeding of the ZWR DC series feeding via the inner conductors of the coaxial pairs 
Feeding current mA 60 210 600 
Maximum feeding y + 600 + 600 + 430 
voltage (two power-feeding 

units connected in series) 

Maximum length of a km 94 209 511 108 292 137 


power-feeding section 


Fault location procedures 


in the signal path 
in the power-feeding circuit 


Maximum length of a 
fault-locating section km 


ZWR _ Regenerative repeater 


Loop method 
DC fault location 


In-service monitoring 
(ISM) 


1000 | 2300 780 


Table 1 General data on digital transmission systems LA34KX, LA140KX and LAS65KX 
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Multiplexing 


SMX 
x 140/565 


LA 565 KX | 4 x 140 Mbit/s 


CMI code 
LA 140 KX 140 Mbit/s 
CMI code | 
LA 34 KX 34 Mbit/s 
HDB3 code 
. For LAS65KX only 
CMI Coded mark inversion 
DEMUX _ Demultiplexer 
DSMX Digital multiplexer 


Line terminating 
equipment 


See. eee: 
| Mux | Pte 


— LA 565 KX 


Digital line section 
LA 34KX/LA 140KX 


Regenerative repeater, 
power-feeding 


Power feeding | Power feeding 


(Power-feeding | 
route) 7 


Distance between 
___Power-feeding Stations 


! 


r Power-feeding section) 


Fault-locating sections 
- LA 140 KX/LA 565 KX 


FSP Power-feeding unit 

FSPA Power-feeding termination 
FSPW Power separating filter 

HDB3 High density bipolar of order 3 


Fig. 1 Schematic diagram of a digital transmission link using coaxial cables 


e the same power-feeding principle, 

e the same method of fault location 

in the power-feeding circuit, 

e interference protection methods and 
e personnel protection features. 


These transmission systems are naturally 
designed to operate in parallel with 
FDM systems on the same cables with- 
out mutual interference. 


Design of the digital transmission 
systems 


As shown in Fig. 1, the systems de- 
scribed enable any 34-Mbit/s (LA34KX), 
140-Mbit/s (LA140KX) or 4 x 140-Mbit/s 
(LAS65KX) digital signals to be trans- 
mitted over the particular digital line 
path. Line terminating equipments 


installed at either end convert the digital 
signals from their interface codes into 
line codes suitable for transmission 
(transmit end) or regenerate the signals 
received from line and convert them 
back into interface codes (receive end). 
With the LAS65KX, four 140-Mbit/s sig- 
nals are additionally combined in the 
terminal stations at the transmit end to 
form a 565-Mbit/s line signal, this pro- 
cess being reversed at the receive end 
(Table 2). 


Underground regenerative repeaters 
(ZWR) installed at regular intervals 
along the cable route are used to regen- 
erate the line signal with correct 
amplitude and timing. They are 
remotely powered from the terminal sta- 
tions via the inner conductors of the co- 
axial pairs. A power-feeding termina- 
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LA 34 KX yi nea 


ower feeding 


Line Equipment 


Line terminating 
equipment 


Multiplexing 
equipment * 


er 


x 140/565 


lone 
| MUX | 


4 x 140 Mbit/s 
—— CMI code 


140 Mbit/s 
CMI code 


34 Mbit/s 
HDB3 code 


ee 


Line terminating unit 


MUX Multiplexer 

OE Fault-locating unit 

ZWR Power-fed regenerative repeater (buried) 
ZWR7R Regenerative repeater (surface) 


tion is used to close and delimit the 
power-feeding circuits in a power-feed- 
ing section. Power-feeding regenerative 
repeaters (ZWR 7R) are provided if the 
terminal stations are spaced far apart. 


System components 


Line terminating equipments 


Line terminating equipments contain 
signal regeneration and code conversion 
units for both transmission directions. In 
the LAS65KX system, additional multi- 
plexing equipment combines or sepa- 
rates the four 140-Mbit/s signals. All the 
systems employ line signal scrambling 
devices on the input side and corre- 
sponding descramblers on the output 
side; with the LAS565KX, the four 140- 
Mbit/s signals are scrambled individu- 


133 


Line Equipment 


System 


Exchange-side interface (F2) 
Bit rate 

Transmission code 

Pulse shape at 75 resistive 
Pulse amplitude Uso 


Line interface (F1) 

Symbol rate 

Line code 

Duty cycle 

Pulse shape at 75 Q resistive 
Pulse amplitude Uso 


Regenerative repeaters 
Minimum margin 


LA34KX LA140KX LAS65KX 


In accordance with CCITT Recommendation G. 703 


for an error ratio of 107’ 

and maximum regenerator 

section length 

Power supplied for each direction | W 
of transmission 


AMI Alternate mark inversion 
CMI Coded mark inversion 


kbits | 34368 139264 139264 (4x) 
HDB3 CMI CMI 
Rectangular Rectangular Rectangular 
V 1.0 0.5 0.5 
kbaud 25776 104448 564992 
4B/3T (MMS43) | 4B/3T (MMS43) | AMI 
i 22 a 
Rectangular Rectangular Rectangular 
Vv 3.0 6.0 1.8 
dB >6 =6 =6 
1.25 3.0 3.85 


HDB3__ High density bipolar of order 3 


Table 2 Specific equipment data for digital transmission systems LA34KX, LA140KX and LA565KX 


ally. The line terminating equipments 
also incorporate power-feeding units for 
supplying the regenerative repeaters as 
well as filters for combining/separating 
the line signal and the feeding current. 


The units are accommodated in style 
7R racks as plug-in insets (Fig. 2). In 
the terminal stations the transmission 
characteristics of the line path are con- 
stantly monitored, faults and distur- 


Fig.2 Surface units of LA140KX line equipment for use in style 7R racks; 
from left to right: LEI40KX, ZWR140KX 7R, FSP140KX and FSPW140KX 
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bances are displayed and passed on as 
appropriate signals. Fault-locating sets 
installed in surface equipment can be 
used to detect defective regenerators or 
regenerator sections in all three systems. 


In addition, in the LAI40KX and 
LAS65KX systems the regenerators can 
be monitored individually during opera- 
tion. 


Power-fed regenerative repeaters 


The regenerative repeaters contain 
equalizing amplifiers to compensate for 
the frequency-dependent line attenua- 
tion as well as circuits for timing recov- 
ery and regeneration of the digital sig- 
nal. As equalizers with a wide regulation 
range compensate for the attenuation 
response in the relevant frequency range 
for different line lengths and tempera- 
tures, it is only in very exceptional cases 
that line building-out networks are 
required to extend particularly short 
regenerator sections. In the LAS65KX 
system, the circuits for equalizing and 
regenerating the signals are realized 
in thin-film technology on AIO; ce- 
ramic substrates with an NiCr resistive 
layer and conductor tracks reinforced 
by electrodeposition. 


At the regenerator input, power filters 
separate the digital signal from the feed- 
ing current supplied via the inner con- 
ductor of the coaxial pair and combine 
the two again at the output. Each 
regnerator contains special circuits for 
fault location. The regenerators con- 
form to the standard design with the full 
safety insulation adopted for analog 
repeaters. The regenerators for both 
transmission directions are accomodated 
in a single case (Fig. 3). As with the cor- 
responding FDM repeaters, connections 
are established via four flexible coaxial 
pairs combined in a single plug connec- 
tor. This allows regenerators to be 
installed easily in existing coaxial cable 
plants. 


Power-feeding regenerative repeaters 


Power-feeding regenerative repeaters 
are used if routes are too long to be 
remotely powered from the terminal sta- 
tions. As far as digital transmission 1s 
concerned, they operate in the same way 
as power-fed regenerative repeaters, 
except that they are accommodated in 
style 7R surface racks and are locally 
supplied from the station battery. 
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Fig.3  Power-fed regenerative repeaters; from left to right: ZWR34KX, ZWR140KX and ZWR565KX 


Further regenerative repeaters along the 
route can be powered via associated 
power-feeding equipment and power- 
separating filters — unidirectionally in 
the case of the LA34KX and in both 
directions in the case of the LA140KX 
and LA565KX systems. If required, the 
latter can be provided with a fault-locat- 
ing unit to monitor either transmission 
direction, which can be selected by 
switching. 


Power feeding 


In all the systems, the underground 
regenerative repeaters are connected in 
series to allow a constant direct current 
to be fed via the inner conductors of the 
coaxial pairs. Power-feeding units in the 
feeding stations supply the necessary 
feeding current which is injected into the 
inner conductors of the coaxial pairs, 
extracted in each regenerative repeater 
via separating filter circuits and applied 
to the power-supply terminals. After the 
last regenerative repeater powered from 
a particular station, the power-feeding 
circuit is completed in the “power-feed- 


ing termination” — also via a separating 
filter circuit — by connecting the inner 
conductors of the coaxial pairs for both 
directions of transmission. In the power- 
feeding termination the two abutting 
feeding circuits are isolated from each 
other by elements having a high with- 
stand voltage. Thus, route sections sub- 
ject to interference from power lines are 
shortened and disturbing voltages are 
correspondingly reduced. 


In the feeding stations, the power-feed- 
ing units are supplied from the station 
battery (48 or 60 V). Their output volt- 
age is adjusted to suit the route length by 
regulating the output current to a con- 
stant level. The power-feeding currents, 
the maximum voltages and the power- 
feeding section lengths thus achievable 
are shown in Table 1. Longer sections 
can be supplied by connecting two 
power-feeding units in series. 


In both the single and double power- 
feeding arrangements for the LAI40KX 
and LAS65KX systems, redundancy can 
be provided by connecting an additional 
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power-feeding unit in series. The regen- 
erative repeaters of these systems are 
equipped with a switching unit which, 
in the event of a break in the power- 
feeding circuit, automatically closes the 
power-feeding loop at a point preceding 
the break. 


Supervision and fault location 


Supervision equipments in the terminal 
Stations are used for locating faults in 
the event of a malfunction. Disturbances 
on the transmission path and faults in 
the surface equipment are displayed by 
LEDs and also reported to superordi- 
nate monitoring facilities via an alarm 
signal panel. If the digital signal is lost or 
the bit error ratio is excessively high 
(=10~°), the traffic signal is replaced by 
an alarm indication signal (AIS) to pre- 
vent downstream equipment from erro- 
neously signaling faults. 


An in-service monitoring procedure [4] 
is used in the LAI40KX and LAS65KX 
systems for remotely supervising the line 
equipment and for locating faults, par- 
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ticularly in the underground regenera- 
tive repeaters and in the coaxial pairs. 
As the frequency of the monitoring sig- 
nals is below the frequency range of the 
digital signal and both can be transmit- 
ted on the same coaxial pair, there is no 
need for auxiliary wires. 


In the event of a cable break, the 
regenerative repeaters preceding the 
break continue to be fed because the 
switching unit closes the feeding loop. 
This ensures that monitoring signals are 
transmitted even under these circum- 
stances and that the cable sections 
affected can be located without modify- 
ing the procedure. 


Using a fault-locating unit, chains of up 
to 510 regenerative repeaters can be 
monitored. Consequently, even with the 
LAS65KX system, despite its relatively 
short regenerator section lengths, the 
maximum length of a fault-locating sec- 
tion can be considerable (about 780km). 


In the case of the LA34KX, the entire 
line path is monitored during operation, 
but not each individual regenerative 
repeater. Faults on the route are located 
by measuring the bit error ratio with the 
aid of fault-locating loops. For this pur- 
pose, the fault-locating unit transmits 
control signals which initiate loop clo- 
sure starting from the monitoring station 
and extending to each regenerator in 
turn. In the fault-locating units the bit 
error ratio and the relevant signal delay 
are measured via these loops and the 
results used to determine which re- 
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generator section is defective. Once 
again, auxiliary wires are not required. 
If, in the case of the LA34KX, the 
power-feeding loop is interrupted, then 
faults are located from the power-feed- 
ing unit. The arrangement whereby pre- 
cision resistors are shunted across the 
feeding loop in all the regenerative 
repeaters produces a conductance from 
which it is possible to derive an indica- 
tion of the regenerator section affected. 
During normal power-feeding, the pre- 
cision resistors are isolated via diodes 
which are disabled by appropriate volt- 
age reversal in the power-feeding unit 
when fault location is initiated. 


Protective measures 


Equipment and functional protection 


All equipment and modules in the vicin- 
ity of the cable plant are protected 
against lightning strikes and induction 
from power lines (industrial ac) by surge 
arresters and diode arrangements. 


The mechanical design of the regenera- 
tive repeaters and the coupling capaci- 
tors at their inputs and outputs provide 
corona protection and thus error-free 
signal transmission even in hostile envi- 
ronments (e.g. near electrified rail- 
roads). 


Personnel protection 


The external cases of the regenerative 
repeaters, which are connected to the 
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[3] Jungmeister, H.G.; Mehner, M.: LAS65KX, a 
Transmission System for 565 Mbit/s Signals on 
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telcom report 8 (1985), pp. 101 to 106 


outer conductors of coaxial pairs, and 
the connecting elements are provided 
with plastic insulation capable of with- 
standing 4 kV, 50 Hz. This provides ade- 
quate contact protection, irrespective of 
whether the case is grounded or, as is 
usually the case, ungrounded. Even if 
the cable is ruptured, there is no risk of 
injury as the power-feeding circuit is 
grounded at high impedance, the switch- 
ing unit in the regenerative repeater 
reduces the voltage to safe values if the 
feeding circuit is broken, or the feeding 
voltage is automatically disconnected in 
the power-feeding unit. 


Concluding remarks 


The LA34KX_ digital transmission 
system has been successfully operated 
for many years. The LAI40KX and 
LAS65KX systems were introduced in 
recent years. Detailed tests and mea- 
surements have confirmed that in prac- 
tice their system characteristics have 
fulfilled expectations. The cable installa- 
tions have proved to be entirely suitable 
for use in conjunction with the LA34KX 
and LA140KX systems. Although parti- 
cularly old cables may contain coaxial 
pairs which exhibit selective peak 
attenuation at high frequencies (from 
140 to 400 MHz), transmission of 
565-Mbit/s signals is not adversely af- 
fected unless the peaks for a regenera- 
tor section exceed a total of 6 dB. Lar- 
ger values are also permissible at fre- 
quencies above 220 MHz. 
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Volker Schmidt and Kalixt von Winnicki 


Digital Transmission 
on Balanced Copper Fairs 


Siemens line equipment LA2F [1] is cur- 
rently being used throughout the world 
for transmitting 2-Mbit/s digital signals 
on balanced cables. The transmission 
characteristics of the equipment and 
the resultant design specifications for 
regenerator section lengths and fault 
location facilities have remained essen- 
tially unchanged over a long period of 
time and have proved their worth in the 
field [2]. 


In recent years considerable effort has 
been directed toward monitoring equip- 
ment performance and the transmission 
quality of digital links generally, with 
the aim of defining and maintaining a 
quality standard. As a result of this 
work, CCITT Recommendation G.821 
now specifies performance objectives 
in terms of the percentage of errored 
seconds and degraded minutes as well 
as outage times for an international 
64-kbit/s digital link. The equipment 
of the improved PCM30F system and 
the new Siemens PCM30G system has 
been optimized in accordance with 
these objectives. Line terminating unit 
LE2G, for example, incorporates fa- 
cilities for cost-effectively monitoring 
transmission quality. 


Dipl.-Ing. Volker Schmidt and 
Ing. (grad.) Kalixt von Winnicki, 
Siemens AG, 

Transmission Systems, 
Munich 


Line terminating unit LE2G 


The 500 mm high equipment inset can 
accommodate six line terminating units 
(LE) including the associated power- 
feeding units together with a common 
power supply and an alarm evaluator 
which is shared by all six LEs (Fig. 1). 


Each line terminating unit consists of a 
single slide-in unit in Eurocard format 
(100 x 160 mm), as do the associated 
power-feeding unit and power supply, 
whereas the common alarm evaluator 
may comprise up to three Eurocards. 


Compared with the previous version of 
the line terminating unit (LE30F), the 
packing density of the LE30G has been 
increased by a factor of 2 (up to 24 
systems per rack), with space for an 
additional power supply. Moreover, 
the monitoring facility meets the latest 
requirements, providing a_ greater 
number of evaluation criteria and a 
serial interface which is used to transmit 
not only alarm signals but also the 
number of code violations per unit of 
time, as well as service signals. Conse- 
quently, it enables the functional perfor- 
mance of the equipment to be recorded 
using, for example, a personal com- 
puter. 


The line terminating unit shown in the 
functional diagram in Fig. 2 performs 
the following tasks: 


@ regenerating the F2in signal present 
at the 2-Mbit/s equipment interface and 
transmitting it to line (signal Flout), 

e regenerating the incoming Flin signal 
from the link and passing it on to the 
2-Mbit/s equipment interface (signal 
F2out), 

@ powering the regenerative repeaters, 


e monitoring the transmit or receive 
signals and the power-feeding current, 
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=a 


Fig. 1 Equipment inset for six LE2G line termin- 
ating units, including the associated power-feeding 
equipment, power supply and alarm evaluator 
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Transmit direction ———> 


F2 in 


BAIS 


T2 out TA2 


BLp 
AIS Alarm indication signal 
BAIS AIS command line 
BLp Command line for LED 
BS2 Command line for loop activation 
CV Code violation, error pulse 
Eql Equalizer 
FAdr Address filter 
Flin, out Interface signals, line 
F2in, out Interface signals, units 
OGin Control line for fault-locating unit 
Regl, Reg2 —-Regenerators 
SAIS1 AIS insertion switch for Flout 


I iy F1 in 


SS 2 Eq! Tin 
CV 


+#\——__ Receive direction 


SAIS2 AIS insertion switch for F2out 
551,552 Loop switches 

SSpS1 Lockout for SS1 

SStb Switch for dummy signal 
Tlin, out Transformer, line side 

T2in, out Transformer, equipment side 


T Timing signal 
TAI, TA2 Transmit amplifiers 


VAIS AIS converter circuit 

Ueb1 Code monitoring for Flin 
Ueb2 Monitoring for F2in 

UStb Dummy signal converter circuit 


Bild2 Functional diagram for line terminating unit LE2G 


@ passing on service and maintenance 
alarm signals to the alarm signal panel 
and the alarm equipment, 


e transmitting an alarm indication 
signal (AIS) at Flout or F2out in the 
event of a disturbance or fault, 


e transmitting a dummy signal for line 
terminating units not yet connected to 
the equipment interface. 


Facilities are additionally available for 
connecting the fault-locating unit and 
checking it using the associated inter- 
face. 


Signal regeneration 


As shown in Fig. 2, the incoming inter- 
face signal F2in is fed to interface 
regenerator Reg2. This regenerator - a 
simplified type of regenerative repeater 
— regenerates the HDB3-coded signal 
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which may be attenuated by as much as 
6 dB due to cabling and jumpering. Its 
output signal Flout is fed via transmit 
amplifier TA1 to the line interface. 


The signal from the line interface (Flin) 
is fed via automatic equalizer Eq1 to 
terminal regenerator Regl which is 
identical to a regenerative repeater as 
far as its circuitry and characteristics are 
concerned. It regenerates the line signal, 
which may be attenuated by up to 40 dB 
and subject to interference, both exter- 
nal and due to crosstalk in the cable. Its 
output signal F2out is fed to the equip- 
ment interface via transmit amplifier 
TA2. 


The line terminating unit is protected 
against high-voltage interference by 
means of transformers (T1 and T2) con- 
nected both on the equipment side and 


on the line side and by additional mea- 
sures. 


In terms of its jitter characteristics, the 
LE2G is compatible with regenerative 
repeaters with a Q factor of 80. 


If required, each line terminating unit 
can be equipped with an additional 
power-feeding unit (FSP) for supplying 
the regenerative repeaters. For this pur- 
pose, a unit providing a stable current of 
49 mA and a maximum feeding voltage 
of 200 V (+ 100 V) is available. In cases 
where this high power-feeding voltage is 
not required (or is not permitted for 
reasons of personnel protection) the 
voltage can be limited to 100 V (+ 50 V) 
by means of a switch. 


Signal monitoring 


The CCITT recommends that, wherever 
possible, maintenance alarms should 
only be activated in the equipment in the 
section affected and not in equipment in 
subsequent sections [3]. For this reason, 
the signals are monitored in both the 
transmit and receive directions (Fig. 2). 
Alarms are initiated in the event of seri- 
ous malfunctions and the alarm indica- 
tion signal (AIS) is inserted at the 
appropriate output. 


In the transmit direction, monitoring cit- 
cuit Ueb2 is used to check whether an 
F2in or an AIS signal is present at the 
equipment interface. If no F2in signal is 
present, the transmit-side AIS insertion 
circuit SAIS1 is activated, causing an 
AIS to be produced at the line interface 
instead of the Flout signal. (The AIS is 
derived from timing signal T2 supplied 
from the central alarm evaluator using 
converter circuit UAIS). The LED 
associated with monitoring circuit Ueb2 
remains lit as long as no F2in signal is 
present; when the AIS is received, it 
flashes. 


In the receive direction, HDB3 code vio- 
lations in the Flin signal due to faults on 
the route are detected by code monitor- 
ing circuit Uebl, which produces an 
error pulse at its CV output for each 
code violation. Code error evaluation is 
performed centrally for groups of six 
line terminating units. 


If the central alarm evaluator establishes 
that the code error ratio of the Flin sig- 
nal exceeds 10°”, it sends a signal via the 
AIS command line (BAIS) causing the 
AIS to be transmitted instead of inter- 
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face signal F2out using AIS changeover 
switch SAI2. In addition, it sends a sig- 
nal via one of the BLp command lines 
which causes one of the LEDs on moni- 
toring circuit Ueb! to light. 


However, if it detects a code error ratio 
in excess of 10°°, it causes the other 
LED to light. 


Inserting a dummy signal 


It is often the case that PCM routes are 
already installed but the line terminating 
units are not yet connected to their 
equipment interfaces. In such cases a 
dummy signal can be injected so that 
these routes can be made operational. 
This provides spare routes which are 
fully monitored and can be fallen back 
on at any time as required. The dummy 
signal is derived by converter UStb from 
timing signal T supplied from the central 
alarm evaluator. 


If required, a special connector is 
inserted in the fault-locating unit inter- 
face to actuate dummy signal change- 
over switch SStb, causing a dummy 
signal to be transmitted instead of the 
Flout signal. This connector provides 
an external indication of which spare 
PCM routes are available. 


Fault-locating unit interface 


The portable fault-locating unit is con- 
nected to the fault-locating unit inter- 
face of the line terminating unit so that 
the type and location of a fault can 
be determined. The fault-locating unit 
interface is virtually identical to the 
equipment interface. In addition to con- 
nections for the F2in and F2out signals, 
it incorporates control lines used for 
activating functions in the line terminat- 
ing unit, such as loop testing. 


One of these functions is equipment-side 
loop testing via switch SS2. This switch 
is actuated via command line BS2 if the 
fault-locating unit is connected in the 
“LE internal” setting, and makes it pos- 
sible to use the fault-locating unit to 
check whether the line terminating unit 
is operational. If so, the signal injected 
by the fault-locating unit at the equip- 
ment interface is looped back to it again. 


Another line terminating unit function, 
activated using the incoming fault-locat- 
ing signal and therefore via the fault- 
locating interface of the remote line ter- 
minating unit, is line-side loop testing 


via switch SS1. This switch is actuated 
via address filter FAdr when the line ter- 
minating unit receives the fault-locating 
address “LE remote” and makes it pos- 
sible to check, from the remote terminal 
station, that the entire transmission path 
is operating correctly. If this is the case, 
the signal transmitted by the fault-locat- 
ing unit of the remote terminal station is 
looped back to this fault-locating unit. 


The remote LE loop does not respond if 
switch SSpS1 is closed. This option of 
deactivating the loop is used whenever a 
connection consisting of a number of 
route sections terminated by line ter- 
minating units is to be checked. The 
“LE remote” loop is then activated only 
in the last line terminating unit. In addi- 
tion, the loop function is disabled via the 
OGin control line if a fault-locating unit 
is also connected to that line terminating 
unit. It is thus possible to operate the 
PCM route plesiochronously with the 
aid of two fault-locating units. 


Central alarm evaluator 


The central alarm evaluator performs 
the following functions: 


e evaluating system signals from the LE 
and FSP units, 


e evaluating HDB3 code violations 
detected in the receive direction (line 
interface Flin in Fig. 2), 


@ issuing commands to the LE units, 


e transmitting alarms to the alarm panel 
and to the signal distributor, 


e providing the central clock supply for 
the LE units and 


e sending out messages, e.g. for record- 
ing purposes. 


The heart of the central alarm evaluator 
is the microcontroller which receives the 
system timing from crystal-controlled 
oscillator GMC (Fig. 3). 


Its program can be modified to suit cus- 
tomer specifications with the aid of 
switches 1 to 15 via data selector DXP. 
Watchdog circuit UebMC ensures that 
the program is correctly executed. The 
central alarm evaluator is connected via 
various interfaces both to other units of 
LE inset 2G and to external equipment. 


Receipt of system signals 


Each of the six line terminating units of 
an equipment inset supplies fourteen 
signals to the alarm evaluator. These 
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contain operating information (e.g. “no 
signal at equipment interface”), infor- 
mation relating to equipment status 
(e.g. “LE on standby”) or indicating the 
equipment configuration (e.g. “FSP po- 
sition not used”), which are fed to data 
selectors (DXLn and DXFn). The latter 
are physically located on the various LE 
and FSP units. DXLzn is the data selector 
for the eight signals from LE unit n and 
DXFn is the data selector for the six sig- 
nals from FSP unit n. Similarly, data 
selectors are provided for the signals 
from the LE and FSP units of the other 
five line terminating units of LE inset 
2G. All the data selectors are connected 
to the microcontroller MC via _ the 
address, control and data buses. 


Receipt of code violations 


The alarm evaluator receives an error 
pulse from each of the LE units via a 
special wire each time an HDB code vio- 
lation CVn is received. The code error 
pulses originating from LEn are fed to 
the programmable 16-stage binary coun- 
ter Zn where they are continuously 
totaled. The microcontroller periodi- 
cally interrogates the count via the three 
buses. In the same way, the code error 
pulses from the other five LE units are 
fed to five other binary counters. 


Command output 


The counts are evaluated by the micro- 
controller in accordance with the follow- 
ing criteria: 

no signal, 

code error ratio = 107°, 

code error ratio =107, 

incorrect blocks and 


occurrence of error bursts. 


These initially result in three types of 
command which are transmitted by the 
alarm evaluator to the LE units via a 
command output multiplexer MXBm: 


-e BAIS commands to insert the AIS 


using the SAIS2 switch (Fig. 2), 


e Blp commands to turn on the LEDs 
indicating a code error ratio in excess of 
10° and 

e Blp commands to turn on the LEDs 


indicating a code error ratio in excess of 
i * 


For evaluating the two error ratios, a 
routine can be called up which sup- 
presses error bursts. Another routine is 


139 


Line Equipment 


Address bus 
Control bus 


soe = ! Combined alarms 

ALE1...ALE6 System alarms assigned to LEn 

CVn Code violations from LEn (n = 1 to 6) 
DXFn Data selector for signals from FSPn 
DXLn Data selector for signals from LEn 
DXP Data selector for program modification 


EL “Reminder lamp” signal 
Power-feeding unit n (n = 1 to 6) 
Generator for MC timing signal 
Gr Generator for LE timing signal 


KA(B) Alarm contacts A(B) 
LEI ,;,LE6 Line terminating units 
MiLn...M8Ln Operating signals from LEn 


ALE 1 


ALE 6 


Message prompting line 
Message 


M1Fn...M8Fn Operating signals from FSPn 
MXBm Multiplexer for issuing 

the mth command (m = 1 to 3) 
MXS Multiplexer for combined alarm 
MXSyA(B) System alarm multiplexer for A(B) 
ST Switch for timing signal 
i Timing signal 
Text External timing signal 
UebMC Watchdog circuit 
UebT Timing signal monitor 
US Converter for combined alarms 
UT Timing signal converter 
ZLE1...ZLE6 Additional alarms assigned to LEs 1 to 6 
Zn Counter for code errors from LEn 


Fig. 3 Functional diagram of the central alarm evaluator 


available which ensures that the “error 
ratio =10~*” criterion is not deactivated 
until the “error ratio =10~°” criterion 
disappears (hysteresis). 


Alarms 


As a further consequence of evaluation, 
combined alarms A/AZ, B/BZ and EL 
are transmitted to the alarm panel via 
multiplexer MXS and converter US. 


In addition, urgent alarms ALE1 and 
ALE6 are transmitted to the signal dis- 
tributor via system alarm multiplexer 
MXSyA and contacts KA separately 
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for each LE (KA are normally-closed 
contacts). 


Similarly, nonurgent alarms are for- 
warded to the signal distributor via sys- 
tem alarm multiplexer MXSyB and con- 
tacts KB (these are, however, normally- 
open contacts). 


Additional alarms option 


Experience has shown that it is desirable 
to have further individual alarms avail- 
able for each system, e.g. to analyze sys- 
tem alarms occurring. Consequently, an 
additional alarms module is provided 


which can be connected to the serial 
interface. 


With the aid of this module, an addi- 
tional three alarms can be initiated for 
each line terminating unit. These are: 


e “power feeding interrupted,” 


e “no F2in signal” and any one of the 
following three signals: 


e “code error ratio > 107” 
e “errors burst detected” and 
e “3incorrect 50-ms blocks in 1 s” 


These alarms are transmitted in the 
Same way as non-urgent alarms via nor- 
mally-open contacts, e.g. to the signal 
distributor. 


Clock supply 


In order to inject the alarm indication 
signals (AIS) and the dummy signals, 
the line terminating units receive timing 
signals either from the clock generator 
GT or from an external clock via timing 
signal converter UT. One of these two 
options is selected with the aid of timing 
signal changeover switch ST actuated by 
switch 7 which is connected to data 
selector DXP. In both cases the timing 
signal T is monitored by circuit UebT. In 
the event of clock failure, the LED 
lights and combined alarm B/BZ is initi- 
ated by the central alarm evaluator. 


Universal serial interface 


All the system signals scanned from the 
units, as well as the alarms and signals 
transmitted to the interfaces described 
above, are additionally available as mes- 
sage bytes at a serial interface which can 
be interrogated via the message prompt- 
ing line. The message additionally con- 
tains the code errors per second of all six 
monitored PCM routes and other infor- 
mation obtained from code error evalua- 
tion. The message is updated at one sec- 
ond intervals. Once a comprehensive 
alarm signaling concept (SISA) has been 
introduced, this message will replace the 
other interfaces for passing on alarms. 


By evaluating this message it is also pos- 
sible to record the performance of the 
PCM systems. 


Availability and quality of service 


The 2.6 m high style 7R rack can accom- 
modate up to four equipment insets, 
each comprising six line terminating 
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units. Between the insets is a test panel 
with a V.24 interface for connecting a 
personal computer, for instance, which 
can be used to record the quality of ser- 
vice. 


Every second, this microprocessor-con- 
trolled test panel interrogates via 
prompting lines the messages generated 
by the equipment insets, and in turn pre- 
pares a message from the data received 
which is transmitted via the V.24 inter- 
face at one minute intervals. The mes- 
sage contains relevant data for recording 
the quality of service and for compiling 
error statistics, such as the number of 
error-free seconds, the number of alarm 
signals of all kinds and the number of 
errors that have occurred in the preced- 
ing minute. A recording computer then 
edits these data and stores them in mem- 
ory at hourly intervals for a week at a 
time. In the following week it overwrites 
the old values. 


For example, the quality of service 
achieved by one of the 24 recorded line 
terminating units on a particular day can 
be read out from the contents of this 
memory and automatically displayed. 
Fig. 4 contains a diagram of a poor-qual- 
ity PCM link obtained by this method. It 
shows the “errored” seconds and six dif- 
ferent error signals as a function of the 
time of day and additionally provides 
statistics in which the minute-by-minute 
error ratio is divided into eleven 
categories ranging from single errors to 
bursts of more than 1024 errors. 


Regenerative repeaters 


Regenerative repeaters are used to 
regenerate the route signals in both 
transmission directions of the 2-Mbit/s 
digital line path (DSGL2). They are 
used on balanced copper pairs — for both 
directions of transmission in one cable. 
Two versions are available to suit differ- 
ent requirements. 


Regenerative repeater PCM30F (Q 1000), 
which requires a feeding current of 
59 mA, is shown in Fig. 5. It transmits 
semi-sinusoidal digital signals with a Q- 
factor of 1000. The input and output 
transformers are matched to a cable 
characteristic impedance of 130 Q. A 
single large-scale integrated circuit 
incorporates the following facilities for 
simultaneous operation in both trans- 
mission directions: line equalizers, 
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Fig.4 Recording the performance of a poor-quality PCM route 
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Fig.5 Regenerative repeater with a Q-factor of 1000 
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Fig.6 Functional diagram of the PCM30F regenerative repeater 


phase-locked loop (PLL) circuits for 
timing recovery, time and amplitude 
decision circuits, and test loops. It has 
thus been possible to mount this 
regenerative repeater on a Eurocard 
(100 mm x 160 mm). 
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Fig. 6 shows the functional diagram. The 
incoming line signal is fed via a trans- 
former and a 10 dB attenuator to the 
circuit containing equalizers which auto- 
matically compensate for cable losses of 
between 5 and 40 dB at 1 MHz. They 


equalize the frequency response of ca- 
bles with conductor diameters of 0.6 to 
1.2 mm. If cables with a conductor diam- 
eter of 0.4 mm are used, the equalizers 
can be set to the appropriate frequency 
response using a switch. PLLs incor- 
porating LC oscillators are locked in 
phase to the amplitude-discriminated 
signal and supply the timing signal to the 
time decision circuit. The timing recov- 
ery circuit simultaneously reduces the 
jitter present in the signal above its jitter 
limit frequency. In developing the 
equipment, much emphasis was placed 
on good jitter tolerance. During lock 
acquisition, the PLL is operated with a 
greater bandwidth than in the locked 
condition. This ensures that lock is suc- 
cessfully established every time. The 
time decision circuits apply half-width 
signals to the transmit stage. From these 
signals, the latter forms semi-sinusoidal 
signals which it passes on to the cable via 
a transformer. 


DC fault location is provided by a 
100-k€2 precision resistor and a diode 
which begins to conduct when the 
feeding voltage changes polarity. Using 
100 kQ, cable breaks can be located in a 
route section containing up to eight 
regenerative repeaters. With a resistor 
of this value, changes in the insulation 
resistance of the cable (due e.g. to mois- 
ture penetration) have no effect on fault 
location reliability over a relatively wide 
range [4]. 


For dynamic fault location, the regener- 
ative repeater has a loop circuit which 
enables the unit to be set to one of eight 
addresses by means of switches. If the 
fault-locating unit is connected to the 
feeding LE and a fault-locating pattern 
with the appropriate address is transmit- 
ted, the regenerator closes the loop and 
transmits the pattern back to the fault- 
locating unit via the other channel for 
error evaluation. 


The protection facilities both in the feed 
circuit and in the line transformers 
ensure that CCITT Recommendations 
relating to withstand voltage are met or 
exceeded without using surge arresters. 


Control circuits generate the internal 
voltages from the feeding current and 
ensure that the regenerator operates 
correctly even if this current is subject to 
heavy interference. “Severely errored” 
seconds as defined in G.821, which are 
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Fig.7 Regenerative repeater with a Q-factor of 80 


caused by feeding-current interference, 
are thus largely eliminated. 


Fig. 7 shows regenerative repeater 
PCM30F (QS&0). This operates essen- 
tially in the same way as the regenera- 
tive repeater described above, though in 
this case the shape of the transmitted 
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triggered LC oscillator with a Q-factor 
of 80, 


e feeding current 49 mA, 
e DC fault location across 1 MQ, 


e fault location for up to sixteen 
regenerators. 


Fault-locating unit 


If a transmission route has failed, the 
type and location of the fault can be 
determined with the aid of a portable 
fault-locating unit connected to the line 
terminating unit. Again two versions of 
the unit are available to suit different 
interfaces. Notable features include: 


e DC fault location for pinpointing a 
cable break, 


e facilities for measuring the power- 
feeding voltage, the power-feeding cur- 
rent or the fault-to-ground resistance 
which indicate deviations from values 
specified for a particular route, 


e pulse fault location for identifying 
defective regenerative repeaters, 


e bit error indication either as a total or 
as a bit error ratio, 


e jittering of the test pattern via a 
timing signal jack (in critical cases) and 
e ajack for outputting bit errors on 

a looped section for recording purposes 
in connection with long-term measure- 
ments by external equipment. 


[4] Rathke, J.; Senft, R.: Fehlerortung auf 
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ISDN Transmission Technology 


Digital Transmission in the [SDN 


While there is little sign at present of 
progress toward digital signal processing 
in radio and television, the transition 
from analog to digital in the world of 
telecommunication transmission is al- 
ready in full swing. Tne reason for these 
differing developments is that the most 
economical solution is being adopted in 
each case. 


The range of services offered by com- 
munication systems worldwide is cur- 
rently expanding very rapidly in the bus- 
iness communication sector. The digital 
signal processing used in the majority of 
these applications prompted many coun- 
tries to set up special networks which in 
the subscriber and switching sectors are 
independent of the worldwide telephone 
network. In spite of very high growth 
rates in these text and data networks, it 
should not be forgotten that telephony 
still leads the field by a long way; nor is 
this situation likely to alter significantly, 
even in the digital age of the eighties and 
nineties. It would appear, therefore, 
that the most practical solution is to use 
the telephone connections present in 
every business premises and almost 
every home for additional services as 
well as telephony. 


Dipl.-Ing. Heinz Plugge, 
Siemens AG, 
Transmission Systems and 
Dipl.-Ing. Lutz Schweizer, 
Siemens AG, 

Central Laboratories, 
Munich 


< ISDN user have access to all services under one 


number 


Historical development 
of the 64-bit/s ISDN 


Soon after pulse code modulation (with 
a bit rate of 64 kbit/s per telephone 
channel) had been introduced in trans- 
mission systems of the telephone net- 
work, the idea was conceived in about 
1964 of digitizing telephone switching as 
well, thus bringing about the integration 
of transmission and switching tech- 
nologies. At that time, the concept of an 
integrated digital network was described 
as a “long-term possibility” [1]. 


Later on, these ideas were taken a step 
further: it was suggested that the 64- 
kbit/s signals should be transmitted right 
up to the subscriber. It was then but a 
short step (at least in theory) to suggest 
using the 64-kbit/s transmission capacity 
for the signals of other services as well — 
data signals in particular — thereby creat- 
ing an Integrated Services Digital Net- 
work (ISDN). 


In November 1972, the following con- 
sensus was reached by the chairmen of 
several CCITT Study Groups and rep- 
resentatives of PTTs: “An integrated 
services digital network might be the 
ideal worldwide communication net- 
work of the future” [2]. 


Progress was slow in the years that fol- 
lowed, the main reason being that an 
inexpensive technology was not avail- 
able at that time for implementing a 
fully digital network. The pace of devel- 
opment did not quicken until the meet- 
ing of the CCITT ISDN expert group in 
Innisbrook, Florida in January 1981, 
where a “basic access” was proposed 
with two 64-kbit/s (B) channels and one 
16-kbit/s (D) channel. This concept 
became the basis of actual ISDN devel- 
opment. Meanwhile, major advances 
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had been made in semiconductor tech- 
nology. 


The efforts of the CCITT to standardize 
the ISDN concept were stepped up 
between 1981 and 1984, enabling the 
Plenary Assembly of the CCITT in Tor- 
remolinos in 1984 to pass 29 I-series 
recommendations which describe the 
ISDN, the network concept, the princi- 
ples of the services, the user interfaces 
and the signaling [3, 4]. Experts from 
the Deutsche Bundespost and from 
Siemens made a significant contribution 
to the preparation of these recommen- 
dations. 


Intensive work is continuing on a series 
of details, in particular concerning the 
services and terminal equipment in 
the ISDN, and the signaling between 
exchanges and between user and ex- 
change. 


Connection of the user station 
to the ISDN 


The most important specifications are 
those covering user-network interfaces 
for the 2B+D basic access already men- 
tioned and for the 30B+D primary rate 
access. 


Recommendation [.411 [3] defines “re- 
ference configurations,” the essential 
details of which can be seen in Fig.1. 
Fig. la shows the general layout of 
“functional groups” on the user side of 
the ISDN. These are 


NTI Network termination 1 

with layer 1 functions (see below); 
Network termination 2 

with layers 1 to 3 functions; 

ISDN terminal equipment; 

i.e. a terminal equipment 
designed for direct connection 

to the NT2; 


NT2 


bE 
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Up to 
eight TE 1s 


Extensions 


NT1 Network termination with layer-1 functions 
Network termination with functions 
of layers 1 to 3 
Interfaces 
TEI ISDN terminal equipment 
(for direct connection to NT2) 


Fig.1 Configurations on the user side of the ISDN 


ie a Teel 
exchange 


| Subscriber line 
— — —— [0 local 


exchange 


— — — — Tolocal 
exchange 


TE2 


Terminal equipment with “conventional” 

R interface (e.g. per X.21, V.11) 

TA Terminal adapter 

(converts from an R interface to the S interface) 


a General configuration per CCITT Recommendation I.411 (applicable to all types of user access) 
b Configuration for the practical implementation of the basic access (Sy bus per Recommendation I.430) 
¢ Configuration in which network termination 2 (NT2) is represented by a PBX 

which is connected to the network via a primary rate access (1544 or 2048 kbit/s) 


(T interface per CCITT Recommendation [.431) 


TE2 Terminal equipment 

with a conventional R interface 
(e.e: per X.21, VV. 11...); 
Terminal adapter; 

converts from an R interface 

to an S interface. 


TA 


Fig. 1b illustrates the practical applica- 
tion of the general principle to the 
2B+D basic access. The user network 
interface Sy in Recommendation [.430 
[3] has a bus structure; up to eight termi- 
nal equipments can be connected, and 
any two of them can transmit and 
receive simultaneously at 64 kbit/s each. 
These terminal equipments may be tele- 
phone, teletex and facsimile terminals or 
multifunctional terminals — the list 1s 
open-ended in line with the fundamen- 
tally evolutionary concept of the ISDN. 


Network terminations NT1 and NT2 are 
combined to form one functional unit. 
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The Sp interface has a gross bit rate of 
192 kbit/s. 


Fig. 1c shows the application of the gen- 
eral principle to the connection of a large 
PBX. In line with Recommendation 
1.411, this is to be regarded as NT 2 and 
consequently connected to an NT 1 via 
a T interface of 2048 kbit/s. The electri- 
cal characteristics of this T interface 
conform to Recommendation G.703, 
the pulse frame to Recommendation 
G.704 (see below for information on 
G.703/704) and the ISDN specific attri- 
butes to Recommendation [.431 [3]. 


Detailed maintenance functions are pro- 
vided for the network terminations, 1. e. 
NT for the basic access and NT1 for the 
primary rate access. It should be possi- 
ble, for example, to test the bit error 
ratio during operation and to switch test 
loops from the exchange for fault loca- 


tion. The monitoring and maintenance 
capabilities of the ISDN are thus far 
superior to those of the analog network. 


ISDN and OSI 


In order that information systems may 
be assembled using components from 
various sources (open communication 
[5]), the International Organization for 
Standardization (ISO) has developed a 
“reference model” — the Open Systems 
Interconnection (OSI) model — which 
arranges the functions and protocols of 
the networks and terminal equipments 
into seven layers. It is not possible to go 
into the details of the 7-layer model [6] 
here, but the following points are worth 
noting: 


e The ISDN has adopted from the OSI 
model the division of functions and pro- 
tocols into seven layers. The network 
access protocols in particular have been 
defined in accordance with the princi- 
ples of the OSI model. Accordingly, 
many of the CCITT recommendations 
already mentioned refer directly to the 
corresponding layer of the model. With 
regard to the special features of ISDN 
(e.g. user signaling which takes place 
out-slot in the D channel), the OSI 
model must be suitably adapted. 


e Layers | to3 are relevant to network 
access. 

e Layer 1 (physical layer) is the 

“bit transmission layer” and is thus 
concerned solely with the purely 
transmission aspects of ISDN. CCITT 
Recommendations [.430, 1.431, G.703, 
G.704 etc. relate to layer 1. 


e Layer 2 (data link layer) relates to the 
safeguarding of digital data from trans- 
mission errors. The specifications for 
data security procedures (e.g. HDLC) 
belong in this layer. 


e Layer 3 (network layer) accommo- 
dates the signaling and switching specifi- 
cations. 


e The network is transparent with 
regard to the protocols of the higher 
layers (4 to 7); these layers are handled 
directly between the terminal equip- 
ments. In the case of teleservices 

(e.g. teletex, facsimile), these protocols 
belong to the definition of the services 
and are established by the CCITT. The 
protocols for bearer services must be 
agreed between the users; the ISO is 
responsible for the relevant standards. 
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Transmission systems for ISDN 


CCITT definitions and requirements 


Even before the actual ISDN recom- 
mendations (I series, see above) came 
into being, the CCITT attached import- 
ance to shaping the recommendations 
for digital transmission systems so that 
they would satisfy all recognizable 
demands of the data services and other 
non-voice services. This applies in par- 
ticular to the G series recommendations 
(CCITT Red Book, Volume III.3) for 
signals at 1544 and 2048 kbit/s and 
above: 


e G.702 defines the hierarchy of the 
digital transmission systems; for most 
countries this means the levels 2048, 
8448, 34368 and 139264 kbit/s. These bit 
rates were originally designed for tele- 
phone multiplex systems, but are also 
suited to the transmission of all signals 
which occur in the ISDN: B channel 
signals at 64 kbit/s, HO channel signals 
at 384 kbit/s, H12 channel signals at 
1920 kbit/s and the wideband signals of 
the H2 and H4 channels. The bit rates of 
the last two signals have not yet been 
established, although it is expected that 
H2 will have a rate of about 33 Mbit/s 
and H4 about 135 Mbit/s. Each of these 
figures is below the respective hierarchi- 
cal bit rate, so that there is still room in 
the transmission for auxiliary informa- 
tion, such as frame alignment, alarm 
messages etc. 


The bit rates of the North American 
hierarchy— 1544, 6312 and 44 736kbit/s— 
can also be used for setting up an ISDN. 


e G.703 defines the electrical charac- 
teristics of signals at digital interfaces 
with the hierarchical bit rates (mostly at 
equipment output ports). These inter- 
faces permit flexibility in the connection 
of equipment, e. g. between a digital 
exchange and a line terminating unit or 
digital multiplexer. 


e G.704 defines pulse frames with a 
repetition rate of 8 kHz; these are 
equally suitable for telephony and for 
multiplexing the previously mentioned 
64-kbit/s signals in the ISDN. 


e G.803 is a description of the mainte- 
nance philosophy for the digital network 
with definition of alarm levels etc. 

e G.811 contains basic requirements for 
synchronization of the digital network, 
based on cesium reference clock pulse 
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generators with a frequency deviation of 
only + 10°" [7]. 

e G.§21 specifies requirements for the 
bit error ratio of a worldwide digital con- 
nection of 64-kbit/s; at least 90% of all 
minutes should have a bit error ratio no 
higher than 10°°, and at least 92% of all 
seconds should be free of bit errors. The 
latter requirement originates from the 
experts on data transmission (CCITT 
Study Group VII). G.821 also contains 
special requirements for the “digital” 
subscriber line; this should have inter 
alia a bit error ratio exceeding 10° in 


@ ISDN 


user station 


| 
: 
| 


So Basic access 
2B+D 
(160 kbit/s total) 


PBX NT 1 


—_—— | — -— 


Primary rate access 
30 B+D 
(2048 kbit/s) 


12 basic 
e accesses 


Access via BAMX 
(2048 kbit/s) 


Up to 1024 
e basic accesses 


NT Access via DLU 


B 64-kbit/s channel 

BAMX Basic access multiplex unit 
Signaling channel 

Digital line unit (concentrator) 
Digital multiplexer 


D 
DLU 
DSMX 


3 
| . 


no more than 1.5% of all minutes (this 
means for practical purposes that in a 
64-kbit/s channel of the subscriber line 
no more than 1.5% of all minutes may 
each contain more than four bit errors). 


e G.921 derives specifications for digi- 
tal sections from the global require- 
ments of G.821 (with model section 
lengths of 50 and 280 km). 


e G.§23 defines the requirements relat- 
ing to jitter and wander, i.e. fast or slow 
phase fluctuations which may occur at 
the interfaces. 


Trunks to other 
exchanges 


iT? 2048 kbit/s 


LT2 


1 
Ei DSMX 
2/34 


16 


LT 34 34 Mbit/s 


2 
o 
<< 
S 
® 
Zs) 
a) 
2 
= 
Oo 
2 


(e.g. EWSD) 


LT Line terminating unit 
NT Network termination 
PBX Private branch exchange 


So, T Interfaces at ISDN reference points 


(CCITT Recommendations I.412, 430, 431) 


Fig. 2 User accesses and trunks to a local exchange for the ““64-kbit/s ISDN” 
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n identical Sp interfaces 
of 150 Mbit/s each (e.g. n = 8) 


Video = 
telephone = 
wis 
re, 
~ Broadband Optical ISDN 
network waveguide oral 
termination = 150 Mbit/s 
De exchange 
ISDN 
telephone 
Teletex 
So-Bus 
Sb Broadband interface So User interface for 64-kbit/s services 


Fig.3 Configuration of a broadband network termination for switched telecommunication services 


The basic thinking behind a transition 
from the digitized telephone network to 
the ISDN is underlined in Recommen- 
dation 1.120: “ISDNs will be based on 
the concepts developed for telephone 
IDNs and may evolve by progressively 
incorporating additional functions and 
network features ....” 


Transmission equipment 
for the ISDN 


For the trunks, i.e. digital links between 
digital exchanges, the same transmission 
systems are used as for telephony. If a 
digital network which currently supports 
only telephony is upgraded to the ISDN, 
the network operator faces no problems 
relating to the technology employed for 
the trunks. This applies to both line and 
radio relay transmission of signals [8]. 


All relevant Siemens transmission 
equipment conforms to the appropriate 
CCITT recommendations. 


The major part of future ISDN traffic 
will be carried by optical waveguide 
transmission systems [9, 10]. 


Additional transmission systems are 
required for the connection between user 
and local exchange (Figs. 2a to 2d): 
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e For individual access, the existing 
subscriber line is equipped with a digital 
transmission system which provides the 
Basic Access at the user-network inter- 
face (Sp) of the network terminating 
equipment [11], with the two B channels 
and the D channel referred to above. 
While the B channels can be used for 
telephony, data or text services etc., the 
D channel is used for signaling between 
the user and the exchange [4]. 


e For the connection of a PBX, one or 
more basic accesses are used according 
to the traffic requirements, or alterna- 
tively a Primary Rate Access (PMXA) 
with 30 B channels [12]. The PMXA also 
enables HO and H12 channel signals to 
be transmitted. 


e Basic Access Multiplex Unit (BAMX) 
can be used to assemble up to twelve 
basic accesses. This is connected to the 
local exchange like the network termina- 
tion NT of the PMXA via 2048-kbit/s 
line equipment. 


e If many basic accesses are to be 
bundled at a remote location, a digital 
line unit (DLU) can be employed. This, 
too, is connected to the local exchange 
by means of 2048-kbit/s line equipment. 


Fig. 2 shows schematically all the above 
connections and types of access. 


Evolution 
towards broadband ISDN 


Thus far, this article has attempted to 
trace the development of the basic 
thinking behind the ISDN concept and 
to refer to the international standards 
devised for this purpose. It is generally 
accepted today that a standardized com- 
munication outlet (So) will be introduced 
for the basic access for connecting the 
user to the worldwide ISDN. 


The following deals with the further 
development toward the broadband 
ISDN. Although the economic aspects 
of the broadband network in particular 
have not yet been completely clarified, 
the international standardization com- 
mittees — principally the CCITT - are 
already fully engaged in defining the ser- 
vices, interface structures etc. Agree- 
ment has been reached on the following 
principles: 

e The development from the “64-kbit/s 
ISDN” to the broadband ISDN should 
be essentially evolutionary, 1.e. as many 
features as possible should be adopted 
from the 64-kbit/s ISDN. This applies in 
particular to signaling with the aid of the 
D channel protocol and to signaling sys- 
tem no. 7. 


e@ One important innovative step 1s 
necessary from today’s viewpoint: the 
broadband user access requires an opti- 
cal waveguide as transmission medium. 
The cost of fiber-optic transmission is 
practically constant for bit rates between 
2 and 200 Mbit/s. 


e A multiplex signal with a gross bit 
rate of about 150 Mbit/s will be provided 
between the user station and the local 
exchange. 


e At the user-network interface, provi- 
sion will be made for transmitting the 
information of various types of signals, 
namely 


o Dchannel and B channel signals as in 
the case of basic access (see above); 


o one or more H1 channel signals (H11 
at 1536 kbit/s or H12 at 1920 kbit/s) — 
possibly only within a broader 
channel (H2, H4); 


o an H4 channel signal of about 
135 Mbit/s or optionally four H2 
channel signals of about 33 Mbit/s. 


These principles ensure a considerable 
degree of flexibility. For example, no 
decision need be taken at the outset as 
to whether the coding of moving picture 
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Fig.4 Configuration of a broadband network termination for switched telecommunication services 
and distribution services 
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signals should be effected with a bit rate 
of 135 Mbit/s, 33 Mbit/s or a lower rate. 


Fig. 3 shows the configuration of a net- 
work termination which conforms to the 
principles mentioned. It has an Sp inter- 
face (with bus structure) like the basic 
access; this means that all terminal 
equipments for 64-kbit/s channels can be 
connected. Moreover, broadband user 
interfaces with gross bit rates of about 
150 Mbit/s are also available. One termi- 
nal equipment can be connected to 
each of these Sp, interfaces, i.e. these 
form a star structure. At any particular 
time, for example, four terminal equip- 
ments can transmit and receive signals 
at 33 Mbit/s or one terminal equipment 
can transmit and receive a signal at 
135 Mbit/s. 


It is conceivable that this fiber-optic user 
access will also be used for the distribu- 
tion of TV signals. In this case, the 
transmission capacity in the direction 
from the ISDN local exchange to the 
network termination must be increased 
to a multiple of 150 Mbit/s. Such a con- 
cept is at present under discussion and is 
shown in Fig. 4. 


Although worldwide coverage of this 
broadband ISDN 1s still a long way off, it 
is important to recognize the ultimate 
goal and to keep it in mind as develop- 
ment of the network progresses. 
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Hermann Seidel 


The ISDN Basic Access 


The installation of “digital” transmis- 
sion links between exchanges has been 
under way for several years now. This 
conversion to digital technology is con- 
tinuing as more and more “analog” 
equipment is being replaced. Digital 
automatic exchanges, such as_ the 
Siemens EWSD system, are gradually 
taking the place of existing analog 
exchanges. Once these “digital’’ local 
and long-distance exchanges have been 
linked by a “digital” trunk network, 
the next logical step is to digitize the 
subscriber side of the system, thereby 
paving the way for the introduction of 
the integrated services digital network 
(ISDN). 


Whereas special networks are required 
at present for the individual communi- 
cation services, the ISDN will enable 
all services to be processed via one 
network. The basis of this network 
is the 64-kbit/s transmission channel 
(B channel) [1]. 


Dipl.-Ing. (FH) Hermann Seidel, 
Siemens AG, 

Transmission Systems, 
Munich 
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A prerequisite for the economical intro- 
duction of ISDN is the use of the exist- 
ing subscriber line, i.e. the balanced cop- 
per wire pair of 0.4 or 0.6 mm core 
diameter (as opposed to the optical fiber 
subscriber line of the future broadband 
ISDN). Since the ISDN will be con- 
structed in stages, analog and digital sig- 
nal transmissions will coexist in the ter- 
minal network for some considerable 
period during which no mutual interfer- 
ence will be permissible. 


Responsibility 


User —+|+  —-—— Network operator 


ISDN services 
TE | 


A characteristic of narrow-band ISDN 1s 
the basic access (also referred to as 
“ISDN 64”) [2]. Fig. 1 shows the config- 
uration of a “digital” local exchange for 
ISDN as far as the user terminal equip- 
ment. The signals of two basic (B) chan- 
nels of 64 kbit/s each and one signaling 
(D) channel of 16 kbit/s (effective bit 
rate = B + B + D = 144 kbit/s) are 
transmitted via a conventional copper 
wire pair. The signals are transmitted via 
the two-wire cable in both directions 


gst S bus 


B User channel of 64 kbit/s 

(basic access) 
D Signaling channel of 16 kbit/s 
EWSD Digital electronic switching system 
ISDN-EX — ISDN digital local exchange 
NT Network termination 
So Equipment interface 


(on the user side of the NT) 


Fig. 1 User access in the ISDN 


S-Bus Bus system, to which up to eight 
TEs can be connected 
SL Subscriber line (balanced copper wire pair) 
SLMD Subscriber line module, digital 
TA Terminal adapter 
HE Terminal equipment 
Uxo Line interface (at each end of subscriber line) 
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(full duplex) using common-frequency 
operation with echo compensation. 


The user line circuit terminates at the 
network termination (NT), which is per- 
manently installed on the user premises 
and is generally part of the network 
owned by the PTT. The private domes- 
tic installation begins on the user side of 
the network termination. The interfaces 
at each end of the subscriber line are 
designated Ugg, where K stands for cop- 
per and 0 for basic access. The interna- 
tionally standardized S, interface [3] on 
the user side of the NT is implemented 
as a four-wire bus system, i.e. a 
balanced wire-pair for each of the two 
transmission directions. Standardized 
communication jacks permit the connec- 
tion of up to eight ISDN terminal equip- 
ments with different modes of communi- 
cation. 


The network termination through-con- 
nects the data channels transparently 
and executes only “layer |” functions (in 
accordance with the open systems inter- 
connection (OSI) layer model [1]. Call 
processing functions for communication 
on the user side are performed by the 
exchange. The Sp interface provides 
the two B channels of 64 kbit/s and 
the D channel of 16-kbit/s transmission 
capacity for services such as: 


e ISDN telephony, 

e ISDN data transmission, 

e ISDN teletex and facsimile, 
e ISDN image transmission, 
e ISDN telemetry. 


The major features of the ISDN are: 


e Enhanced speech quality due to the 
quasi four-wire transmission between 
users. The reference equivalent is 
virtually unaffected by distance and 
the signal-to-noise ratio is higher. 


e [Transmission of an A4 typewritten 
page in less than one second. 

e Facsimile transmission of an A4 page 
in only a few seconds. 

e Jransmission of fixed or slow-moving 
images. 


During the transition period to the full 
ISDN, equipment for the existing analog 


or data network can be connected via: 


the terminal adapter (TA). 


Small ISDN PBXs are connected to the 
ISDN exchange via the basic access, 
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BA Basic access 
BAMX Basic access multiplexer, 
accommodated in an analog exchange 


ISDN-EX — ISDN digital local exchange 

NT Network termination 

TE Terminal equipment 

Uxo Line interface (at each end of subscriber line) 


Fig.2 ISDN basic access via a basic access 
multiplexer 


while the 2-Mbit/s primary rate access 
PMXA [4] is available for larger PBXs. 


The Deutsche Bundespost planned to 
start the first ISDN pilot projects at the 
beginning of 1987. As the first exchange 
with ISDN capability, an EWSD 
exchange in Mannheim was offered to 
the Deutsche Bundespost by Siemens on 
December 31, 1986. Acceptance testing 
of this exchange was completed as early 
as January 29, 1987. It is planned to 
have a fully digital network by the year 
2020, by which time all 25 million tele- 
phone subscribers will have been pro- 
vided with ISDN basic access [5]. 


Emergency 
operation 


Normal 


~ operation 


DC-DC DC-DC converter 


EX Exchange 
IOM ISDN oriented modular equipment interface 
So Equipment interface (on the user side of NT) 


Fig. 3 Functional diagram of the network termination 
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Users can also be connected to “concen- 
trators,” namely a digital line unit 
(DLV) with 500 or 1024 basic accesses, 
or a basic access multiplexer (BAMX) 
for twelve basic accesses (Fig. 2). The 
Deutsche Bundespost will use this 
equipment in the introductory phase in 
order to offer ISDN basic access rapidly 
over a wide area. Both equipments can 
be installed in analog exchanges. They 
will be connected to ISDN exchanges. 


It is estimated that less than 0.5% of the 
user line circuits in the Deutsche Bun- 
despost network will require regenera- 
tive repeaters. 


Network termination NT 


The major functional groups of the net- 
work termination are shown in Fig. 3. 
The heart of the NT is the UIC (U inter- 
face circuit), a very large-scale inte- 
grated circuit in C-MOS technology 
which incorporates about 100,000 tran- 
sistor functions. Its purpose is to permit 
transmission of the two 144-kbit/s user 
signals in both directions simultaneously 
via the two-wire user line circuit. Fig. 4 
is a much simplified functional diagram 
of the UIC device showing the principal 
circuits. 


The S-bus interface circuit (SBC), which 
is also a VLSI device, provides matching 
to the four-wire Sp interface. 


Uxo 
+> EX 
220V~ 
SBC S bus interface circuit 
TE Terminal equipment 
Ugo Line interface (at each end of subscriber line) 
VIC U interface circuit 
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B User channel of 64 kbit/s 
D Signaling channel of 16 kbit/s 
EX Exchange 


_—-MMS43 
encoder — 


Echo 
compensator 


Demulti- 
plexer 


Equalizer 
Discriminator 


FAW 
IOM 


Frame alignment word 
ISDN oriented modular equipment interface 


Fig.4 Much simplified functional diagram of the UIC device (U interface circuit) 


The SBC and UIC are interconnected 
via the ISDN oriented modular interface 
(IOM), which many component man- 
ufacturers have now adopted as a stan- 
dard. 


The network termination transmits the 
signals of the two basic channels and 
the control channel (B + B + D = 
144 kbit/s) transparently. The internal 
device operating voltage is generated in 
the dc-dc converter fed remotely from 
the exchange via the subscriber line. 


The power supply feeds up to four tele- 
phones via the phantom circuit of the Sp 
interface. 


In the event of a power failure, the 
supervision circuit switches over from 
normal to emergency operation by 
reversing the polarity of the feed volt- 
age. The remotely-powered dc-dc con- 
verter then takes over the emergency 
feeding of the terminal equipment. 


Ux interface 


In order to make maximum use of the 
existing subscriber line (copper wire 
pair), it is essential to select the opti- 
mum transmission method, for which no 
internationally accepted standards or 
recommendations exist as yet. 
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The Deutsche Bundespost has opted 
for common-frequency operation using 
echo compensation and a 4B3T block 
code [6]. As with the analog subscriber 
line, direction separation — the transition 
from four-wire to two-wire and vice 
versa — is effected with the aid of hybrid 
networks. Due to the incomplete line 
balancing at the hybrid and the joints on 
the subscriber line, a large proportion of 
the transmit signal returns to the associ- 
ated receiver in the form of an echo. In 
unfavorable conditions, this echo signal 
can even be about 40 dB stronger than 
the severely attenuated wanted signal. 
In the echo compensator, a digital trans- 
versal filter generates an artificial echo 
signal of exactly the same magnitude as 
the reflected signal, but with the oppo- 
site sign. The echo signal is then elimi- 
nated from the receive signal, which has 
been converted from analog to digital 
(timing frequency 120 kHz, resolution 
12 bits), by subtraction in a digital 
adder. The echo-compensated receive 
signal is then used to derive the sampling 
time and subsequently fed to an adap- 
tive equalizer which eliminates the inter- 
symbol interference caused by the line 
characteristics. 

To prevent periodic bit patterns which 
could adversely affect the adaptation 


Transmitter _ 
output 


Analog- 
digital 
converter 


M Service channel 
MMS43 MMS43 code (modified monitoring state) 


processes, the wanted signals are scram- 
bled on the transmit side and descram- 
bled on the receive side. 


A three stage block code with no dc 
component is used for the transmission 
of the digital signals. The binary data 
stream is converted in accordance with 
the MMS43 code (modified monitoring 
state). As shown in the Table, in this 
version of the 4B3T code, four bits of 
the binary signal are compressed and 
recoded in closed format into a three- 
stage ternary signal which can have the 
states “+,” “—” and “0.” The code con- 
tains four different alphabets S1 to S4, 
the initial coding using alphabet S1. The 
ternary value determines the alphabet 
used for the subsequent binary word, 
which is in fact always that specified to 
the right of the ternary word. The use of 
the 4B3T code reduces the transmission 
rate from 160 kbit/s (144 kbit/s + frame 
alignment word + service channel) to 
the modulation rate of 120 kbaud. 
Because of the 25% reduction in modu- 
lation rate, the centroidal frequency lies 
at about 40 kHz. The power spectrum is 
shown in Fig. 5. 


The low centroidal frequency makes a 
long range possible, with the permissible 
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limits for interference voltage per DIN 
VDE 0871 adequately met. 


Fig. 6 shows the frame structure for 
both transmission directions. Each 1-ms 
frame is subdivided into 120 ternary ele- 
ments and consists of one frame align- 
ment word of 11 elements and the useful 
information with 108 ternary elements, 
plus the service channel with one ternary 
element. 


The frame alignment word and the ser- 
vice word are not scrambled but are 
mutually offset in the two transmission 
directions so as to avoid interference 
with the echo compensation. The service 
word is used for test and supervision 
purposes. 


The “Barker code” is used as the frame 
alignment signal because its autocor- 
relation is particularly suited to the 
synchronization (Fig. 7). It facilitates 
the rapid recognition of the frame align- 
ment signal during connection establish- 
ment (activation) and sets the sampling 
time and the adaptive equalizer. 


S, interface 


Since CCITT Recommendation 1.430 
applies to the Sp interface, this interna- 
tional standardization means that termi- 
nal equipment from any manufacturer 
can be connected [7]. In contrast to the 
Ugo interface, the transmit and receive 
directions in the Sp interface are trans- 
mitted on two separate wire pairs (four- 
wire operation). The transmission rate 
of 192 kbit/s is composed of the user 
channels B + B + D = 144 kbit/s, plus 
48 kbit/s of additional information. 
Fig. 8 shows the frame structure at the 
So Interface. 


A modified alternate mark inversion 
(AMI) code is used for the line code. 
Binary “O” bits are generally coded 
alternately as +0.75 and —0.75 V and 
“1” bits as “no voltage.” Consecutive 
pulses which in contrast have the same 
polarity mark the position of the frame 
and ensure secure and rapid synchront- 
zation. 


Access to the common D channel by ter- 
minal equipments is regulated by the 
access controller. Simultaneous trans- 
mission requests by several terminal 
equipments connected to the bus are 
staggered to prevent access contention. 
The D channel bits which the network 
termination has received from the termi- 
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Fig.5 Power spectrum of the MMS 43 
(modified monitoring state) code for the subscriber 
line transmission system 


nal equipment are “reflected” back to 
the terminal equipment in the D echo 
channel. The terminal equipments 
monitor the D echo channel (E chan- 
nel). A terminal equipment cannot 
transmit in the D channel unless it has 
first received a certain number of binary 
“1” elements (no voltage). The number 
depends on the specified priority and is 
incremented after each transmission, 
giving other terminal equipments the 
opportunity to access the D channel. If 
two terminal equipments start to trans- 
mit simultaneously, a binary “Q” has 
priority over a binary “1.” As soon as a 
terminal equipment detects a bit other 
than one it has sent itself, it must 
immediately terminate its transmission. 
The lowering of the priority after trans- 
mission of a message and the limiting of 


a he 1s A 
Exchange to NT 


i Data 24] M] 26 Data 49 61 Data 120] 


NT to exchange 


Data Useful information in channels B + B + D 
M Service channel (maintenance) 


NT Network termination 
SYNCH Frame alignment word 


Fig.6 Frame structure for both transmission directions on the subscriber line (the numerical values 


indicate the element position) 


4B word 


3T word and successor state 


: 


0001 
0111 
0100 
0010 
1011 
1110 


a oe 


1001 
0011 
1101 
1000 
0110 
1010 
1111 
0000 
0101 
1100 


SWWWN NY YN LY LY 


A received 3T word “000” is converted into the 4B word “0000” 


Table Conversion of the binary data stream into three-state signals according to the MMS43 code 


(MMS modified monitoring state) 
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Fig.7 (a) Barker code of eleven elements length and (b) the autocorrelation function of the Barker code 


the message length ensure that all termi- 
nal equipments can pass their messages 
without collisions. Telephone equip- 
ments have priority, so that the prece- 
dence of telephony is ensured. 


In principle, the installation on the 
user’s premises can be configured in two 
different modes: 


® point-to-multipoint connection 

Or 

@ point-to-point connection. 

In a point-to-multipoint connection, up 


to eight terminal equipments can be con- 
nected to one network termination via 


Activation and deactivation 


This procedure [8] serves mainly the fol- 
lowing functions: 


e connection establishment and release 
with transparent switching of the B + B 
+ D channels in layer 1 (bit transmission 
or “physical layer”), 

e control of the power up or power 
down state in the network termination 
and in the terminal equipments for 
power economy. 


Both the exchange and the terminal 
equipment can activate layer 1 func- 
tions, but only the exchange can deacti- 
vate them. Layer 1 functions are acti- 
vated by special messages (primitives) 
via layer 2 (data link layer); layer 1 
informs layer 2 of the successful termi- 
nation of the activation. The evaluation 
of the prompt signals used for the activa- 
tion is simple in the power down state 
and consumes little power. Activation 1s 
considered complete when a terminal 
equipment acknowledges the prompt; 
no signal on the line signifies deactiva- 
tion. Even in the power down condition, 
residual functions are retained (e.g. the 
storage of echo coefficients), so that the 
activation process is generally com- 


+7, pleted within about 170 ms. If the coeffi- 
a ee, ‘— cients are lost following a line interrup- 
+ ‘ tion, about 0.5 s is required. 
t—> 


Power supply 
and storage concept 


The network termination contains a 
remotely-fed dc-dc converter and a 
220 V power supply, which during nor- 
mal operation delivers a feeding power 
of 4 W at 40 V, sufficient for up to four 
telephone terminals. In addition to the 
internal 5-V operating voltage, the dc-dc 
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a passive bus system. The network ter- A Used for activation c DC balancing bit 
mination can be located at the end or in Bl Bit in B1 channel N N bit, set as binary “1” 
B2 Bit in B2 channel NT Network termination 
the middle of the bus (line length about pb Bit in D channel S1,S2 Filler bits, defined as binary “0” 
150 m). In the case of a point-to-point ; a in D iia channel TE Terminal equipment 
: ; d ; raming bit 
connection, the terminal equipment is fF, additional frame bit, set binary “0” 


connected to the network termination 
via a four-wire line of up to 1 km in 
length. 
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in both directions 


Fig.8 Frame structure at the S, interface (dots demarcate those parts of the frame that are independently 
dc-balanced) 
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B User channel of 64 kbit/s 
D Signaling channel of 16 kbit/s 
EX Exchange 
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U,p interface 


MMS43 Modified monitoring state code 
NT Network termination 


Fig.9 Principal functions and parameters of the network termination (NT) 


converter provides an emergency power 
of 410 mW at 40 V for the terminal 
equipment authorized to receive it [9]. It 
is sufficient to maintain the basic func- 
tions (connection establishment and 
release, call signaling and voice trans- 
mission functions). 


Various power-feeding voltages are 
available in the exchange to suit the loop 
resistance of the subscriber line: the 
unregulated exchange voltage with a 
fluctuation range from 50 to 71 V for a 
maximum of 600 @, and the higher 
power-feeding voltage of 93 + 3 V fora 
maximum loop resistance of 1250 Q or 
1400 where a regenerative repeater is 
included. 


Supervision 
and fault localization 


The transmission quality is continuously 
monitored in the active state [10]. The 
MMS43 code facilitates fault monitoring 
by evaluating the frame errors, which 
means One or more code violations due 
to the running digital sum (RDS) being 
exceeded, or an inadmissibly long se- 
quence of “0” polarities within a frame. 
The RDS is monitored in the decoder. 
As frame errors are detected, they are 
reported to the exchange via the service 
channel. If the frame error rate reaches 


10? (ten errored frames in each of ten 
consecutive seconds), the transmission 1s 
terminated. 


For test purposes or fault localization, a 
loop can be closed in the network termi- 
nation remotely from the exchange. This 
loop is physically close to the So inter- 
face and is controlled from the exchange 
via the service channel. In the loop con- 
dition, the test data are reflected in the 
B + B + D channels. Since the D echo 
channel transmits a binary “O,” the 
terminal equipments cannot access the 
D channel. 


Pulse regeneration 


For subscriber lines longer than 8 km, a 
regenerative repeater is provided which 
has a Ugp interface on each side. The 
incoming signals from the network ter- 
mination or exchange are regenerated 
and through-connected transparently. 


The regenerative repeater basically 
comprises two UIC devices connected 
back-to-back and a power supply. The 
power-feeding current for the network 
termination flows via the repeater, at 
the same time feeding a dc-dc converter 
which generates the internal operating 
voltage. The design of the RDS supervi- 
sion and loop circuit is similar to that of 
the network termination. 
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Transmission rate 160 kbit/s 
Coding 4B/3T (MMS43) 
Modulation rate 120 kbaud 
comprising User channels (B+-B+D) 108 kbaud 
Synchronization 11 kbaud 
Service channel 1 kbaud 
Range 
with 0.4 mm wire diameter 42km 
with 0.6 mm wire diameter 8.0 km 
Permissible noise 10uv/VHz 
Echo suppression > 65 dB 
Cable attenuation at 80 kHz < 40 dB 
Sp interface 
Transmission rate 192 kbit/s 
Coding Modified AMI 
Effective bit rate (B+-B+-D) 144 kbit/s 
Synchronization 8 kbit/s 
Additional information 40 kbit/s 
Point-to-multipoint connection 
(passive bus): 
Range 150 m 
Number of connected TEs max. 8 
Point-to-point connection: 
Range | 1km 
Number of connected TEs 1 
So Equipment interface 
(on the user side of the NT) 
Uxo Line interface (at each end of subscriber linc) 
Features 


The principal functions and parameters 
of the network termination are sum- 
marized in Fig. 9. 
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Prnmary Rate Access (PMIXA) 


for |SDN User Equioment 


The primary rate access (PMXA) con- 
nects ISDN user equipments with 
2-Mbit/s interfaces to the “digital” local 
exchange. As a universal network, the 
ISDN offers the user the opportunity of 
transmitting all individual communica- 
tion services, such as telephony, fac- 
simile, teletex and videotex, via the pub- 
lic telephone network, using only one 
number and one common ISDN line cir- 
cuit. 


At present, two types of network access 
are provided for connecting user equip- 
ment to digital local exchanges with 
ISDN capability. First, there is the basic 
access with two user channels (B chan- 
nels), each with a transmission capacity 
of 64 kbit/s, and one signaling channel 
(D channel) of 16 kbit/s (B+B+D 16); 
this provides access for main station 
lines and small PBXs. Second, there is 
the primary rate access for medium to 
large digital PBXs, such as the Siemens 
Hicom® communication systems, which 
takes the place of several basic accesses. 
The primary rate access structure com- 
prises 30 B channels plus one 64-kbit/s 
signaling channel (30 X B+ D64). 


This article provides an in-depth analysis 
of the line equipment for the PMXA. 


Dipl-Phys. Paul Drugh, 

Ing. (grad.) Peter Hueber and 
Ing. (grad.) Heinz Richter, 
Siemens AG, 

Transmission Systems, 
Munich 
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Transmission media 
and line circuits 


For reasons of economy, transmission of 
the PMXA signal with a gross bit rate of 
2048 kbit/s is effected mainly via the 
existing voice frequency (VF) copper 
line plant with symmetrical wire pairs 
having diameters of between 0.4 and 
1.4mm. At present, over 90% of the 
existing user line circuits are accessible 
by this means. The transmission code 
used is the HDB3 code (high density 
bipolar of order 3) which is well-proven 
in the local and short-haul networks. 


The equipment is designed to accommo- 
date a line attenuation of up to 40 dB at 
1024 kHz (this is the Nyquist frequency 
of the signal to be transmitted), the 
actual section lenghts also being depen- 
dent on the interference in the relevant 
cable. In particular, allowance must be 
made for impulsive noise originating 
from analog exchanges and interference 
signals from neighboring primary rate 
accesses. 


Optical cables, preferably with single- 
mode fibers, but also some with multi- 
mode fibers, are being installed for 
new user line circuits. Light-emitting 
diodes (LED) or laser diodes operating 
in the 1300 nm wavelength region are 
employed for the optical transmission. 
The readily implemented MCMI (mod- 
ified coded mark inversion) code is used 
as the line code. 


Figs. la and 1b show the configurations 
for the primary rate access using copper 
and fiber-optic cables. Fig.2 shows an 
extended configuration, in which trans- 
mission 1s via a trunk line in the local 
network. This will be the standard con- 
figuration during the introductory phase 
of the primary rate access. 


Operation and maintenance 
in the ISDN 


The ISDN maintenance concept pro- 
vides for centralized fault localization 
for every section of the network. To this 
end, the network operator divides the 
entire transmission path into various 
sections, whose boundaries are deline- 
ated by interfaces (Fig.3). The essential 
interface conditions are contained in 
CCITT Recommendations G.703 for the 
2-Mbit/s transmission and G.704 for 
transmission quality monitoring by the 
cyclic redundancy check (CRC) proce- 
dure. 


The remotely-controlled test loops 
enable faults to be localized section by 
section (Fig. 3). If the quality of a net- 
work section is adversely affected, these 
test loops permit the precise isolation of 
the fault which may lie within the net- 
work operator’s responsibility or in the 
user’s equipment on his premises. This is 
the case, even if the digital exchange 
responsible for the user does not directly 
adjoin the line network, but is accessed 
via a secondary circuit — a digital signal 
link in the local network — which is 
the responsibility of another operator 
or maintenance service. 


The transmission quality of the entire 
connection between the exchange termi- 
nation (ET) and the network termina- 
tion (NT 1) is monitored from a mainte- 
nance center without interruption to the 
service. This is performed by a quality 
detector in the digital local exchange 
which continuously receives CRC error 
messages as a criterion of the quality of 
the line section. Even temporary inter- 
rupts are reported to the local digital 
exchange. 


If the 2-Mbit/s transmission on the cop- 
per cable is disturbed, the location and 
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PBX User line circuit ISDN local exchange 


2 Mbit/s 
HDB3 


PBX User line circuit ISDN local exchange 


2 Mbit/s 
HDB3 
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(high density bipolar of order 3) (modified coded mark inversion) Uxoy Line interface at 2 Mbit/s (copper) 
NT Network termination Vom Interface at 2 Mbit/s 


Fig. 1 Configurations for the primary rate access (PMXA) in the line network 


a via copper wire pairs 
b via optical waveguides 


PBX User line circuit Interoffice trunk ISDN local exchange 
Som Vom Vom 
2 Mbit/s 2 Mbit/s 2 Mbit/s 
HDB3 HDB3 HDB3 
) |) ot ar es, 
DLE Digital local exchange HDB3 HDB3 code NT Network termination 
DSV Digital path (high density bipolar of order 3) Som User interface at 2 Mbit/s 
joa i Exchange termination LF Line termination Vom Interface at 2 Mbit/s 


Fig.2 Primary rate access (PMXA) via a trunk line 
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User with PBX 


NT 2 


Som Ukom 


type of fault can be determined by a 
fault locating unit connected to the line 
termination for the primary rate access 
via copper cable (LEPMKU). To this 
end, the regenerative repeaters are 
equipped with loop circuits (Fig. 3) 
which can be controlled remotely from 
the fault-locating unit. The route is 
taken out of service during fault loca- 
tion. 


Line equipment 
for the primary rate access 


The primary rate access line equipment 
consists of the network termination 
(NT1), the regenerative repeater 
(ZWR) accommodated in regenerator 
closures and the line termination (LT). 
Different network and line terminations 
are provided for connection to copper 
and optical cables. Regenerative repeat- 
ers are required for copper cables only. 
The selected system parameters make 
regeneration of the optical signal 
unnecessary for fiber-optic links and line 
circuits of normal length. 
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¢ Test loop switched from the digital local exchange 
¢ __ Test loop switched from the fault-locating unit 
[2 O&M transmission equipment 
(operation and maintenance) 
CC) O&Mswitching equipment NetWont Ope Hor 
es User 
Fig. 3 


Exchange 
with transmission 


Ukom Vom 


DLE Digital local exchange 
DSV Digital path 

ET Exchange termination 
LT Line termination 


Interfaces and remotely controlled fault locating loops for the primary rate access (PMX A) 


The network termination for the pri- 
mary rate access via copper cable 
(NTPMKU) is described below. With 
the exception of the Ux», interface, this 
network termination is identical to that 
for transmission via optical fiber (GF), 
i.e. the line interface of the NTPMGF 
corresponds to that of the LEPMGF. 


Network termination 
for primary rate access 
via copper cable (NTPMKU) 


The NTPMKU functional unit (NT1) 
makes the interface to the PBX indepen- 
dent of the transmission method 
employed on the line circuit (Fig.4). To 
this end, the NIPMKU unit adapts the 
Som user interface to the Ux», line inter- 
face (Fig.1). From the network opera- 
tor’s point of view, it guarantees a 
defined network termination, irrespec- 
tive of the operating status of the PBX 
(NT 2). 


The use of the CRC4 procedure (per 
CCITT Recommendation G.704) per- 


Exchange 
with ISDN switching 
and transmission 


8/34 Mbit/s 


2 Mbit/s 


NT Network termination 

Som User interface at 2 Mbit/s 

Uxom Line interface at 2 Mbit/s (copper) 
Vom Interface at 2 Mbit/s 

ZWR __ Regenerative repeater 


mits in-service monitoring of the trans- 
mission quality between the S,, inter- 
face and the digital local exchange in the 
ISDN, as well as a high degree of secur- 
ity against intentional or accidental loss 
of frame alignment due to spurious 
frame alignment words. As described 
above, accurate pinpointing of faults 
within the network operator’s or the 
user’s area of responsibility is achieved 
by a loop near the S,\y interface which 
can be controlled from the digital local 
exchange. On the occurrence of faults, 
the NI'PMKU unit reacts in a defined 
way, as described below. 


S>m Interface circuits 


The function of the S. interface circuits 
is to adapt the internal binary signal pro- 
cessing to the interface with the PBX 
(per CCITT Recommendation G.703). 
Transmission takes the form of ternary, 
HDB3-coded, virtually square-wave 
signals with a bit rate of 2048 kbit/s. 
The connections are balanced, un- 
grounded and designed for shielded 
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= 0 to 6 dB (1024 Has 


a Line attenuation 
AIS Alarm indication signal 
Cyclic redundancy check 


lines. When the transmit interface is ter- 
minated with the nominal impedance of 
120 Q, the peak value of the transmit 
pulse signal is 3V. Only those signals 
which can be attenuated by between 0) 
and 6 dB are fed to the receive circuit. 


Ux interface circuits 


These circuits adapt the internal binary 
signal processing to the Ug», line inter- 
face. The output consists of ternary, 
HDB 3-coded signals of approximately 
half-sinewave form with a bit rate of 
2048 kbit/s. The connections are of 
balanced design, ungrounded and 
designed for shielded lines. When the 
transmit interface is terminated with the 
nominal impedance of 130 Q, the peak 
value of the transmit pulse signal is 2.36 
V (+10%). Only those signals which 
can be attenuated by between 5 and 40 
dB are fed to the receive circuit Ugo,yin. 


Power supply to the NTPMKU unit 


This unit generates the necessary 
operating voltages for the various func- 
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FAW _ Frame alignment word 
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Functional diagram of the NTPMKU network termination 


tional blocks. The input voltage is pro- 
vided by the PBX: it is nominally —48V 
and may range from —32 to —57V. 


Frame alignment CRC4 


This circuit synchronizes the sequence 
controller to the incoming pulse frame, 
while conforming to CCITT Recom- 
mendation G.735. Bits 2 to 8 in time slot 
0 of alternate frames and bit 2 of each 
intermediate frame are used as the 
frame alignment signal (Fig.5). Refram- 
ing is initiated if three consecutive frame 
alignment signals are received with 
errors. This alignment supervision oper- 
ates continuously. 


CRC4 evaluation 


CRC4 1s a cyclic redundancy check, to 
which the entire 2-Mbit/s signals is sub- 
jected in a special coding unit. As soon 
as the above frame alignment has been 
achieved, it is synchronized to the 
CRC4 multiframe (Fig.5). This, along 
with the detection of CRC4 blocks with 
and without errors and of the error 
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Ugom _ Line interface at 2 Mbit/s (optical fiber) 
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ratio, is the task of this functional block. 
The CRC frame alignment is monitored 
on the basis of the detected error ratio. 
In national communication the §S, bits 
serve as quality feedback (incorrectly 
transmitted CRC4 blocks) to the DLE. 


A detailed description of the CRC4 pro- 
cedure can be found in [1]. The assem- 
bled bit combinations “0011011” (bits 2 
to 8) in frames 0, 2, 4 etc. and the “1” 
(bit 2) in frames 1, 3 and 5 etc. represent 
the continuously repeated frame align- 
ment signal. Bits 3 and 4 of the service 
word are alarm indication bits which are 
forwarded unchanged in both directions 
by the network termination NT 1. Of the 
service word bits 5 to 8 (Y, to Y,4), bits 7 
and 8 (Y; and Y,) are also forwarded 
unchanged. Bit 5 (Y,), which indicates 
the direction, is set to logic “0” for the 
exchange-to-NT2 direction and to logic 
“1” in the opposite direction. In the case 
of the loop circuit, however, it is set to 
logic “O” in the network termination 
NT 1 for the direction toward the digital 
local exchange, which enables the 
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(“0011011”) 
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Fig.5 Frame structure and CRC 4 multiframe 


exchange to detect the activated fault 
locating loop. 


Evaluation of the service information 


The circuit which evaluates the service 
information recognizes, in the uninter- 
rupted sequence of eight “1010” bit pat- 
teins of the .Y, bit (Y.,=1, Yo=0, 
Yx3=1, Y.4=0), the instruction from 
the digital local exchange to establish a 
loop at the S5,, interface (Table). 


Alarm signaling 


For certain alarm conditions (no signal 
or loss of alignment), this section of the 
circuit inserts an alarm indication signal 
(AIS) in the direction to NT2. This 
2048-kbit/s signal whose entire binary 
content consists of logic “2,” can be 
evaluated in the PBX as a criterion for a 
fault in the network operator’s area of 
responsibility. 


Control and supervision 


As described above, the data received 
by the interface circuits are monitored 
for the presence of frame and CRC4 
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alignment and for the receipt of an AIS. 
The messages are then logically com- 
bined in the central supervision section 
and used for the initiation of further 
actions. The controller consists essen- 
tially of a central clock, for supplying the 
individual functional blocks with clock 
pulses. Master timing signals for this 
purpose are derived from the 2048-kbit/s 
signals at the Sy and Ux» interfaces. 


Inserting the frame alignment 
and service words 


In this functional block, certain bits in 
the 0 time slots are reformed in the NT 1 
— exchange direction, while others are 
forwarded unchanged. Specifically, the 
bit patterns for bit 6 in the service word 
(Y,, to Y.4) are formed here and 
inserted in the data stream (Table). 
These bit patterns are not linked to the 
CRC4 multiframe. 


Mechanical design 


The network termination (NTPMKU) is 
accommodated in a shielding aluminum 
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S; Message bits in the CRC4 multiframe, 
reserved for international communication 
(logic “1”) 


case. The case has the external dimen- 
sions of a double Eurocard with a height 
of approximately 55 mm, and is thus 
suitable for installation in appropriately 
prepared module housings in PBXs. A 
plastic case for wall mounting is pro- 
vided for installation outside the PBX. 


The plastic case houses the network ter- 
mination and its aluminum shielding 
case and protects them from damage. 


The space-saving design is made possi- 
ble by the use of several custom VLSI 
chips, most of which are implemented as 
CMOS (complementary metal-oxide 
semiconductor) gate arrays. A green 
LED indicates uninterrupted operation 
by means of a steady light, and flashes at 
about 4 Hz to indicate a loss of align- 
ment or a signal failure at the Uo, 
interface. In addition, access to the S54 
interface is provided by a splitting jack. 


It is possible to check the dc input volt- 
age via an IEC jack likewise mounted on 
the front panel. 
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Fig.6 Functional diagram of the LEPMGF line termination for connection to optical cables 


Line termination 
for the primary rate access 
to optical cables (LEPMGF) 


In its role as an exchange-side termina- 
tion of the PMXA line, the LEPMGF 
line termination has the task of provid- 
ing the V>, interface for HDB3-coded 
2-Mbit/s signals (per CCITT Recom- 
mendation G.703) for transmission 
using optical cables. 

A functional diagram of this unit is 
shown in Fig.6. In the transmit direc- 
tion, the incoming HDB3 signal from 
the F2in interface is equalized, regener- 
ated, recoded and fed to the optical 
waveguide as an MCMI signal (Fig.7), 
by the optical transmitter (laser) at a 
level of —16 dBm. The maximum per- 
missible attenuation amounts to 21 dB, 
which corresponds to a range of 15 km 
for single-mode fibers. In the receive 
direction, the signal is fed via the photo- 
diode serving as the optical receiver, to 
the preamplifier with Nyquist filter and 
the regenerator for recovering the 
HDB3 signal. 


HDB3 MCMI 
+1 ——> 11 
-| = 
,—s 0 


b 
HDB3 +1 
0 
=| 
MCMI 1 
0 


HDB3 HDB3 code 

(high density bipolar of order 3) 
MCMI MCMI code 

(modified coded mark inversion) 


Fig. 7 Coding rule (a) and example 
(b) of an HDB3-MCMI code conversion 
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Pageapes 


<A\ Alarm indication: 
wy code error rate 10-5 


Ug Line interface at 2 Mbit/s (optical fiber) 
Vom Interface at 2 Mbit/s 


Due to the required compatibility with 
the line terminating equipment of the 
PCM 30 system, the timing recovery cir- 
cuits are implemented with a Q of 1000 
and have the same jitter characteristics 
as the regenerative repeaters. This 
ensures that all line sections can be con- 
nected in series as shown in Fig.2. Fol- 
lowing the recoding of the MCMI signal, 
it is transmitted by the transmit stage of 
the HDB3 interface (Voy, F2ou)- 


As in the case of the network termina- 
tion, each line termination incorporates 
a power supply; the input voltage is 
nominally 60V. 


Supervision and fault location 


In the transmit direction, the LEPMGF 
line termination contains a supervision 
circuit which, on loss of the signal at 
F2,,, feeds a dummy signal (bit pattern 
“1010”) to the optical cable. In addition, 
a received AIS is detected and indicated 
by the flashing of the LED. Loss of the 
signal at F2;, causes the LED to light 
continuously. The transmission quality 
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Bit pattern transport Bit pattern of Y, bit Cause or effect 
Direction Ux, in— Sy, out Effect in NT 1 
received from 
digital exchange 1 1 Received eight times conse- 
cutively: loop near to Sy 
Direction S5. in > Ux out Cause in NT 1 
transmitted to 
ciptal exchange 1 Power failure (trans- 
mitted for at 40 ms) 
No signal or loss of 
alignment at Sin 
1 1 No signal or loss of 
alignment at U,,in 
1 When an AIS is received at U,,in 
AIS Alarm indication signal Som User interface 
CRC 4 Cyclic redundancy check Ur Line interface 
NT Network termination 


Table Use of the Y, bit 
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Alarm indication: ~~ ! 
Monitoring Fz in 
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F, out 


Amplitude and 
timing regeneration 


a, — 
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Receive direction ——> 


AIS Alarm indication signal Ux2m Line interface at 2 Mbit/s (copper) 


Fig.8 Functional diagram of the LEPMKU line termination for connection to copper cable 


Amplification, 
equalization, 
filtering 


in the receive direction is monitored by 
evaluating the HDB3 code errors, i.e. 
no code regeneration takes place in the 
MCMI-HDB3 converter, the digital sig- 
nal being forwarded without regard to 
the code structure. In the event of an 
error ratio >10°° (urgent alarm), a 
dummy signal is sent to F2,,,. Error 
bursts below a specified duration do not 
provoke a response. This relatively sim- 
ple method of supervision (without non- 
urgent alarms) is sufficient, as the trans- 
mission quality for the entire user line 
circuit is supervised from the exchange 
by evaluating the CRC frame. 


To isolate defective sections of the trans- 
mission link, a signal loop in the line ter- 
mination can be switched remotely from 
the exchange. The loop command, 
transmitted with the Y bits of the service 
word, is decoded by the loop detection 
circuit and passed to the loop switch. As 
this causes alignment not only to the 
PCM frame but also to the CRC frame, 
it rules out the accidental creation of a 
loop during operation (due to corrupted 
Y bits). As regenerative repeaters are 
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not provided in the line section, the 
LEPMGF line termination contains no 
further facilities for fault location. 


Mechanical design 


The unit, which has the same dimen- 
sions (double Eurocard) as the network 
termination, is housed in a closed metal 
case. It can be inserted into both 12-cm 
narrow racks and 19-inch housings. 


Line termination 
for primary rate access 
to copper cable (LEPMKU) 


Apart from the different line interface, 
the LEPMKU line termination differs 
from the LEPMGF line termination 
already described mainly in that it has 
facilities for power feeding and fault 
location in regenerative repeaters 
(Fig.8). It consists of the transmit unit 
which also contains the monitoring 
facilities and the connector for the fault 
locating unit and the power feeding unit. 


As is the case with the LA2F line equip- 
ment of the PCM30F system, faults in 
the line equipment are located by means 
of an external location unit (identical to 
that of the PCM30F). For this reason, 
the LEPMKU line termination does not 
include a signal loop which can be con- 
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trolled remotely from the exchange. The 
two transmission directions are HDB3 
code-transparent. 


The supervision circuits correspond to 
those in the LEPMGF line termination 
and have the same features. The timing 
recovery circuits are designed for a Q of 
1000. The identical timing circuit charac- 
teristics guarantee compatibility with the 
LA2F line equipment, which in turn 
enables the two systems to be connected 
in series, as is the case with the 
LEPMGEF line termination. 


The line signals are regenerated in 
the ZWR2F regenerative repeater. Like 
the LEPMGF line termination, the 
LEPMKU does not contain any signal- 
ing, as defective line sections can be 
located remotely from the exchange. In 
the event of faults in the LEPMGF with 
the aid of the signal loops and the 
dummy signals inserted, and in the case 
of the LEPMKU with the aid of dummy 
signals only. 


The loop fault locating method is used 
for fault location in defective line sec- 
tions. When the fault locating unit is 
connected to the LEPMKU line termi- 
nation, operation is interrupted and this 
event is reported to the exchange by 
transmitting the dummy signal on F2,,;. 
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Up to eight regenerative repeaters in 
one user line circuit can be addressed by 
means of loop instructions. The line ter- 
mination itself can be made to create a 
loop (at the Uxoy interface) by the fault 
locating unit. The F2;, regenerator, 
which is not included, is checked by the 
supervision circuit by evaluating the 
dummy signal which is inserted via the 
loop at the V>,, interface. 


Range 


The range is determined by the max- 
imum length of a power feeding or dc 
fault locating section. The power feed- 
ing unit is designed for a voltage of 200 V 
(+ 100V); the feeding current is nomi- 
nally 59 mA and is restricted to 66 mA 
for the safety of personnel. As with the 
line equipment for the PCM30F system, 
up to eight regenerator sections can thus 
be fed by the LEPMKU line termination 
and cable breaks located — this repre- 
sents a line length of about 15 km. 


User line circuits longer than this are 
very rare. In such exceptional cases, the 
PCM30F line equipment can be used; 
this has about twice the range of the 
PMXA line, since two power feeding 
sections can be connected without the 
need for intermediate feeding. 
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INI V-? Network Clock 
for Digital Communication Networks 


Features high stability and redundant clock regeneration 


Communication networks, and more 
especially text and data networks, con- 
sist of numerous transmission and 
switching sections and stages, in which 
the timing of the transport of the bit 
streams must be so controlled that there 
is no loss of information. One method 
which has gained general acceptance is 
network control using synchronous 
clock signals. Equipment in the network 
nodes which supplies the timing to the 
transmission and_ switching systems 
(such as the NIV-2 network clock) 
forms part of a synchronization system. 
It ensures the synchronous operation of 
the entire network (Fig. 1a). 


Dipl.-Ing. (FH) Dieter Niethammer, 
Siemens AG, 

Public Switching Systems, 
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Master-slave synchronization 


The clock supplies in text and data net- 
works can be synchronized by various 
methods [1, 2]. The NTV-2 network 
clock operates on a master-slave princi- 
ple, in which the synchronization follows 
a hierarchy from the higher-level to the 
lower-level network nodes. In accord- 
ance with CCITT Recommendation 
G.811 [3], the frequency accuracy Af/f 
of the “master” — i.e. the national refer- 
ence clock — is better than 1-107''. The 
central timing information is distributed 
to the network clocks in the network 
nodes via reference links. These clocks 
then generate synchronous clock fre- 
quencies with the aid of phase-locked 
loops (PLL). 


The accuracy of the master and the 
synchronism of all the “slaves,” i.e. the 
local clocks, means that plesiochronous 
(virtually synchronous) communication 
with other countries is possible from any 
network node. 


As the digital channels preferably used 
for this purpose — multiplex systems per 
CCITT Recommendation G.732 [4] - 
operate at a speed of 64 kbit/s and have 
an §8-bit data buffer, the anticipated 
occurrence of slips is no more than once 
every two months. For data transmission 
within the national network, the buffer 
facilities also compensate the day-to-day 
delay fluctuations on the routes and the 
control fluctuations of the clock sup- 
plies. Bit slip can be disregarded in high- 
level multiplex systems, such as the 
DSMX2/8 system with an aggregate bit 
stream of 8448 kbit/s, since their chan- 
nels are “clock transparent” in both 
transmission directions. In such systems, 
the original speed of the timing source is 
reproduced on the receive side with the 
aid of stuffing and buffering facilities. 


The jitter (periodic changes of phase) 
caused by the stuffing processes should, 
however, be taken into account in cas- 
caded links. 


The network nodes are supplied with the 
central clock frequency via a special 
information channel (pilot tone net- 
work) or via selected traffic channels 
which pass the clock information via 
their receive-side regenerating circuits. 
For security, these channels should be 
redundant. They provide the clocks in 
the network nodes with the reference 
frequency for synchronization. Fig. 1b 
shows the principle of synchronization, 
using as an example a text and data net- 
work comprising four network nodes. 


From one master network clock, the 
clock information passes from node 1 via 
the 2048-kbit/s multiplex links to nodes 2 
and 3. It is available in those two nodes 
as the received clock of the multiplex 
units or in the form of the data signal of 
the 64-kbit/s channels for synchronizing 
the local network (slave) clocks. 


The signals used as a reference are, how- 
ever, subject to disturbances such as jit- 
ter, phase discontinuity or interruptions. 
The network clocks therefore have the 
additional task of delivering continuous 
and precise clock signals to the transmis- 
sion and switching systems, even when 
the reference clock input is disturbed or 
interrupted. This is accomplished by the 
provision of duplicated network clocks 
and with the aid of precision-controlled 
clock oscillators. 


In network node 4 the network clock 
Operates as a second level slave. It is 
synchronized via the 64-kbit/s multiplex 
signals from node 2 or 3. 


If links to other networks must be set 
up, the conditions for plesiochronous 
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operation are established by linking the 
master network clock in node 1 to an 
external clock generator based on 
atomic vibrations (atomic frequency 
standard). The incorporation of the text 
and data network in a higher-level “digi- 
tal” telecommunication network, e.g. 
the ISDN of the Deutsche Bundespost, 
is effected by supplying the master 
NTV-2 in network node 1| with reference 
signals from this network (Fig. 1a). The 
two networks are then mutually syn- 
chronized and can use a common line 
network. Examples of usable reference 
signals are the outputs of standard — fre- 
quency insets (NFrE) or standard clock 
insets (NTaE). 


In peripheral network nodes without an 
internal clock supply, the synchronism 
of the data transmitted to the network 
center is achieved by means of timing 
signals derived from the received data, 
i.e. with the aid of a “clock loop” 
(Fig.1b). Ther data circuit terminating 
equipments (DAG, DFG) located with 
the user operate in a similar way. 


To supply the transmission and switch- 
ing systems, the network clocks supply 
all necessary clock frequencies, which 
are dependent both on the transmission 
rate of the user data and on the envelope 
format employed [6]. Two series of fre- 
quencies result: 75/3000/6000/12 000 Hz 
for the “8+2” format and 100/3200/6400/ 
12800 Hz for the “6+2” format. For 
practical purposes, only the lowest 
envelope timing signal is distributed in 
the network node. From this signal, the 
equipments using the clock — e.g. the 
ZD-A2/A3 and ZD-D multiplex units, 


Fig.1 Synchronization of a text and data network 


a Synchronous connection to a digital 
telephone network 

b Master slave synchronization within the 
network using the NT V-2 network clock system 
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Fig.2 Functional diagram of NTV-2 network clock system 


the line transmission units (LUE), the 
line/trunk groups (LTG) and digital ter- 
minator groups (SAG-D) of the EDS 
and EDX switching systems and the 
telex-teletex converter (TTU) — can eas- 
ily derive the required channel speeds. If 
there is an interface between an 8+2 and 
a 6+2 data network in a network node, 
its clock provides both series of frequen- 
cies. The network clocks provide the fre- 
quencies 56, 64 or 2048 kHz for multi- 
plex equipment. Altogether, 48 isolated 
outputs are available, ensuring a high 
reliability by creating correspondingly 
small failure units (“fault penetration”). 

If required, the number of clock outputs 


can be doubled by connecting a second 
network clock system in cascade [7, 8]. 


Operation 
of the NT'V-2 network clock 


As shown in Fig. 2, the NTV-2 network 
clock comprises the following functional 
units: reference frequency _ selector 
(RAW), clock generator (TAG), alarm 
circuit (ALS) and the clock amplifiers 
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TV-1 and TV-2. As the NTV-2 is a cen- 
tral component of the data network and 
must therefore be extremely reliable, a 
dual system is provided; all functional 
units including the power supply are 
duplicated. In the event of a fault, the 
defective subsystem deactivates itself 
and the other takes over the clock sup- 
ply without interruption. This is effected 
with the aid of a series of electronic 
monitoring circuits and by the paral- 
leling of the clock outputs and the inter- 
connection of the clock generator out- 
puts. As a total of 48 clock amplifier ele- 
ments are accommodated in six mod- 
ules, the probability of failure and the 
failure width of one clock line are fur- 
ther reduced. 


Clock generator 


At the heart of the NTV-2 network 
clock is the precision crystal oscillator in 
the clock generator module. Its devia- 
tion (Af/f) from the nominal frequency 
due to fluctuations in temperature and 
voltage is less than 1-10°’ per day and 
less than 5-10~'° per day due to aging. In 


Outputs 


1 


48 


TV Clock amplifier 
Voltage-controlled crystal oscillator 


order to permit synchronization of the 
oscillator frequency with external refer- 
ence frequencies, the oscillator is incor- 
porated in a phase-locked loop (Fig. 3). 
The controller, which is realized with a 
microprocessor, is of the type PI. For 
regulation purposes, the oscillator fre- 
quency is divided down to a frequency of 
25 Hz and compared by the phase dis- 
criminator with the reference frequency 
which is likewise divided down to 25 Hz. 


The error signal is recorded digitally 
and, every 5.12 seconds, the regulator 
program computes from it the mean 
error value, the proportional and integ- 
ral components and the manipulated 
variable. 32-bit arithmetic is employed 
for this calculation, which is necessary 
mainly for the calculation of the integral 
component. A 16-bit digital-analog con- 
verter passes this manipulated variable 
to a varactor diode in the oscillator cir- 
cuit and in this way changes the fre- 
quency until it corresponds to the exter- 
nal reference frequency. An accuracy of 
3-10°"' for the frequency control and 
storage is attained by this method. 
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The phase-locked loop reduces jitter and 
wander (very slow phase fluctuations) of 
the input reference signal by means 
of large time constants (t, from 1.5 to 
12 min and t, from 12 to 96 min) which 
are determined adaptively according to 
the quality of the reference signal. Start- 
ing from an initial value (t, = 1.5 min), 
the adaptation increases the time con- 
stants up to the maximum value (rt, = 
12 min). The value is incremented by a 
factor of two whenever a test period, 
which is also incremented in geometric 
steps, expires without the phase-error 
threshold of [A@,l = 0.24 us having been 
exceeded. If the phase error exceeds this 
value, the time constants are suitably 
reduced. Changing the time constants 
does not interrupt the regulation pro- 
cess. The output frequency of the oscil- 
lator is 8064 kHz, which is a multiple of 
the frequencies 75, 100 ... 64000 Hz 
required in text and data networks. 


Due to the stringent requirements 
regarding accuracy, the clock generator 
oscillator is incorporated in an oven. 
The temperature is regulated to an accu- 
racy of 5 mK by a new process which is 
also microprocessor-controlled. A temp- 
erature sensor in the form of a crystal 
resonant circuit generates a digital error 
signal by comparison with a reference 
frequency. The comparison is performed 
by the phase discriminator (A @) (Fig. 3). 
As the discriminator is also used for the 
phase-locked loop, it is switched as 
required between temperature and 
reference measurement in a TDM pro- 
cess. From the error signal, the mic- 
rocomputer calculates a manipulated 
variable determined by the PID reg- 
ulator to control the thermal output via 
a digital-analog converter and a heater 
transistor (HT). With the aid of the 
integral component it is possible to 
maintain the mean temperature error at 
0°C across the whole ambient tempera- 
ture range (0 to 45°C). 


Alarm circuit 


The functional unit alarm circuit gener- 
ates a frame clock of 25 Hz from the 
master timing signal. This frame clock is 
necessary for keeping the output clocks 
in phase. Monitoring circuits check the 
master timing signals of both subsys- 
tems, the frame clock and supply vol- 
tages and, in the event of a fault, switch 
over to the subsystem which is not defec- 
tive. The changeover unit — synchro- 
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nized with the other subsystem via con- 
trol lines — selects the master timing sig- 
nal and frame clock of one or the other 
subsystem. It also evaluates the alarms 
from the clock generator, reference fre- 
quency Selector and clock amplifier mod- 
ules, indicates them and outputs them as 
a general alarm with the aid of relay con- 
tacts. 


Reference frequency selector 


Two independent reference signals are 
fed to each subsystem of the NTV-2 via 
the reference frequency selector module. 
Two transformer input circuits for fre- 
quencies up to 2 MHz are provided; 
these have automatic control circuits for 
adapting input levels between 0.1 and 
3.0 V. For frequencies up to 10 MHz 
there are two further transformers avail- 
able. With two additional dc-coupled 
inputs for signals in accordance with 
CCITT Recommendation V.11, the 
NTV-2 system can be synchronized from 
a preceding NTV-2 master system, for 
instance in order to increase the number 
of clock outputs. A version of the regu- 
lation program with much lower time 
constants is available for NT V-2 systems 
cascaded in this way. Alternate mark 
inversion (AMI) coded signals per 


CCITT Recommendation G.703 (e.g. 
64-kbit/s multiplexer signals ZD-A3/ 
PCM30) can also be received. Two 
decoding circuits provided for this pur- 
pose filter out the clock information 
from the combined data/clock signal. 


One of the two reference signals is used 
to synchronize the phase-locked loop, 
and for this purpose it is divided down 
by an adjustable frequency divider to 
create a reference frequency of 25 Hz. If 
one reference is lost, the subsystem first 
switches to the “free-running” state. 


During this time, the PLL controls the 
precision oscillator with the manipulated 
variable averaged in the integrator with 
a quantization of 3-10~"’. If the disturb- 
ance persists for more than one minute, 
the system switches over to the other 
reference frequency. The phase of the 
new reference is unknown, and this also 
applies if the old reference is restored. 


The phase error 1s therefore set to zero 
before beginning synchronization. To 
this end, the micorprocessor calculates a 
mean phase offset as an auxiliary vari- 
able. If the phase-locked loop of the 
other subsystem is already in phase, its 
master timing signal and frame clock are 
passed to the clock amplifiers. 


D/A Digital-analog converter 

Aq Phase discriminator 

fo Clock generator basic frequency 

FD Frequency divider 

It Temperature-proportional frequency 
set Heating transistor 


k,m,n Division factors 

RF Reference frequency 

Tp Thermostat temperature 

TCXO — Temperature-controlled crystal oscillator 
VCXO _ Voltage-controlled crystal oscillator 


Fig.3 The phase and temperature control circuit of the NT V-2 network clock system 
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The reference signals may have different 
frequencies, as a calculation routine 
automatically adjusts the frequency 
divider to the correct setting. The refer- 
ence signals are monitored for major 
errors by hardware circuits, and checked 
by the microcomputer for phase discon- 
tinuities and frequency deviation in 
excess of 1-10°’. Both reference inputs 
have a control input, via which the relev- 
ant reference signal can be deactivated if 
necessary. If the reference signal 1s 
derived from a TDM link, failure of the 
transmission link can be reported via 
these inputs to the NTV-2 with mini- 
mum delay with the aid of the transmis- 
sion path failure (UAW) alarm signal 
and the alarm indication signal (AIS). 


Clock amplifiers 


The function of the clock amplifiers — up 
to six of which are incorporated in each 
subsystem of the NTV-2 — is to process 
the output timing signals. The TV-1 
clock amplifier contains eight output 
amplifiers and one adjustable frequency 
divider with which the required output 
frequency can be set between 25 Hz and 
225 kHz in mulfiples of 25 Hz: 


Synchronization to the frame clock 
means that all output clocks are in phase 
with each other, as required by the 
transmission and switching systems to be 
supplied. 


The TV-1 clock amplifier can also be 
programmed by means of a switch to 
output AMI coded timing signals with a 
superimposed octet pulse. The octet 
pulse is marked by a violation of the 
AMI rule. A clock pulse may be chosen 
to last for either 50% or 62% of a clock 
period. 


Clock amplifier TV-2 is provided for 
output frequencies of 2048 kHz. It also 
contains eight output amplifiers, as well 
as a simple phase-locked loop circuit for 
converting from 8064 to 2048 kHz. 


The amplifiers supply balanced, rectan- 
gular output signals (in accordance with 
CCITT Recommendations V.11/G.703) 
which are binary or ternary (AMI) 
coded and can operate into line impe- 
dances of 120 Q. If unbalanced signals 
are required for transmission over co- 
axial cables, additional transformer cir- 
cuits adapt the signals. Several clock 
amplifiers are provided to reduce the 
fault penetration. But since they have a 
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Fig.4 NTV-2 network clock in a desktop case 


low intrinsic probability of failure, it is 
possible in certain cases to omit the par- 
alleling of their outputs in order to 
increase the number of outputs avail- 
able. The number of outputs is then 
doubled to 96. The number of outputs 
can be increased by 48 or 96 each time 
by cascading additional NTV-2 network 
clocks. To ensure that all clock outputs 
have the same phase, the cascaded 
NTV-2s are synchronized to 25-Hz out- 
puts of the mother NTV-2. 


Mechanical design 


The NTV-2 network clock is designed as 
a rack inset to Siemens ES902B mount- 
ing system (which corresponds to style 
494G of the Deutsche Bundespost). It 
can be installed in 19 inch or 600 mm 
wide racks, in cabinets or in desktop 
cases (Fig. 4). Its construction complies 
with both the DIN standards (DIN 4494) 
and the IEC recommendations (IEC 
Publication 297). All PC modules are 
based on the European standard format 
(160x100 mm) and, as already men- 
tioned, are duplicated. Maintenance 
operations, such as testing, repair or 
replacement of modules, can thus be 
carried out without interrupting opera- 
tion. The maintenance is supported by 
controls and indicators on the front 
panels of the modules. 


A multilayer board provides the electri- 
cal connections between the PC modules 


and the external circuits. Incoming and 
outgoing lines, including the power sup- 
ply lines, are connected via plugs which, 
to suit the space available around the 
rack system, can be arranged on the 
front or rear of the unit. Depending on 
the application, 1.e. the number of clock 
users to be supplied, the NT'V-2 system 
can be equipped with up to six TV-1 or 
TV-2 clock amplifier packages, 1.e. with 
6x2 clock amplifier modules (double 
system) including line connectors. 


Alarms and test facilities 


To record and identify faults, each mod- 
ule has monitoring circuits and status 
indicators in the form of LEDs and digi- 
tal displays. The central alarm circuit 
combines the alarms and passes them on 
via relay contacts. For important signals, 
such as clock outputs, reference inputs, 
internal oscillator signal and supply vol- 
tages, there are isolated test jacks at 
which the signals can be measured with 
an oscilloscope or a voltmeter. Two 
4-digit displays are used for monitoring 
the phase-locked loop and temperature 
regulating circuits, since test equipment 
for the accurate measurement of fre- 
quency deviation (with an accuracy of 
1:10°'’) or phase deviation is often not 
available where the NTV-2 network 
clock is employed. In addition to the 
phase and frequency deviations, other 
parameters, for example the internal 
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temperature of the crystal oven, can be 
displayed by pressing a key. 


A serial data channel and a mounting 
position for an external interface are 
available for communication with exter- 
nal units. It is thus possible to incorpo- 
rate the NT V-2 network clock in a con- 
trol system, e.g. data network signaling 
(DNS), [9]. 
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Network Synchronization 


in the ISDN 


The narrowband integrated services 
digital network (ISDN) is designed for 
the synchronous transmission of digital 
signals up to the first level of the hierar- 
chy (2048 kbit/s). Digital exchanges, 
multiplex equipment and_ terminal 
equipment on the user’s premises can 
therefore be operated synchronously in 
time-division multiplex, offering both 
technical and economical benefits. 


Special standard-frequency regenerators 
were developed for synchronization of 
the network, with the same technical 
characteristics for both switching and 
transmission equipment. The Deutsche 
Bundespost employs a generation of 
newly-developed standard clock units 
for the distribution and regeneration of 
the reference frequencies in the hier- 
archically-structured standard-frequency 
network. The operating characteristics 
of these clock units measured during 
field trials are presented. A_ future 
broadband ISDN could be_ likewise 
synchronized via the standard-frequency 
network. 


Dipl.-Ing. (FH) Heinz Beetz and 
Dr. techn. Erhard Steiner, 
Siemens AG, 

Transmission Systems, 
Munich 
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The clocks of the telecommunication 
network in the Federal Republic of 
Germany are controlled centrally from 
the Telecommunications Engineering 
Center (FTZ) in Darmstadt. They oper- 
ate on the master-slave principle with 
the accuracy of a cesium atomic fre- 
quency standard and are arranged in a 
hierarchical structure. The standard-fre- 
quency information is transmitted over 
digital links with the clock of freely 
selectable 2048-kbit/s digital signals. 
Where the continued existence of the 
analog FDM network ensures the avail- 
ability of frequency comparison pilots, 
they can be used on an equal basis 
for synchronizing the network. Special 
standard-frequency regenerators were 
developed for the regeneration and dis- 
tribution of the synchronous control 
clocks in the network nodes of the 
switching and long-haul networks. The 
network clocks comply with the relevant 
CCITT Recommendations G.811 and 
G.823, which was demonstrated in a 
field trial lasting over two months. Ini- 
tially, synchronous control clocks are 
being made available up to the toll 
exchange level of the network. 


The future broadband network is being 
planned in parallel with these activities. 
For this network too, it appears to be 
advantageous to synchronize the signals 
(H, B, D) offered to the user. For this 
purpose, the facilities of the existing and 
expanding standard-frequency network 
should be included in the planning for 
the provision of the necessary high-pre- 
cision control clocks. 


Synchronization requirements 


Slip rates and frequency accuracy 


CCITT Recommendation G.822 refers 
to the frequency and phase stability in a 
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synchronous network. It is based on the 
assumption of a 27500 km long refer- 
ence connection with a total of two 
local, six national and five international 
network nodes. Not more than one 
frame slip in five hours shall occur in a 
64-kbit/s channel of this reference con- 
nection. A specific division of the slip 
rates 1s assumed for the individual net- 
work nodes. Only part of the frame slip 
can be attributed to clock frequency 
errors in the network node; a further 
part is caused by disturbances, e.g. bit 
error bursts on the transmission link. 
Accordingly, the permissible slip rates 
due to clock deviations (CCITT Rec- 
ommendation G.811) must be made 
lower than those in G.822. Nominally, 
Recommendation G.811 assumes one 
frame slip in 70 days per network node, 
corresponding to a clock tolerance of 
Af=1-10". 


Phase jitter and wander 


Jitter and wander at the input and out- 
put of a synchronous network node, as 
has been assumed for the design of stan- 
dard-frequency regenerators, is shown 
in Fig. 1 as a time interval error (TIE). 
The TIE is defined as the maximum 
phase error, measured as a time differ- 
ence t, which must not be exceeded in a 
measurement period of length ty (see 
tolerance curve in Fig. 1). A specific 
TIE (ty) corresponds to a mean fre- 
quency departure Af/f = t/t, which is 
also shown as a parameter. 


In Recommendation G.823 the jitter or 
wander permissible at each input of a 
network node is defined in sinusoidal 
terms for measurement purposes. To 
allow a comparison of input and output 
values, the equivalent TIE is also shown 
for the input in Fig. 1. The maximum 
value of 11 us represents the maximum 
wander relative to the network fre- 
quency standard. 


Synchronous network node 
configuration 


The configuration of a synchronous net- 
work node is shown in Fig. 1. The refer- 
ence signal is fed via two paths in one of 
the following optional forms: 


e 2048-kHz clock output from a 
2048/64-kbit/s demultiplexer, 


e 2048-kbit/s digital signal from the 
digital distribution frame (DDF), 
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e 60 kHz, 300 kHz, 4200 kHz frequency 
comparison pilot per CCITT [1]. 


The standard-frequency inset (NFrE) 
and standard clock inset (NTaE) are 
intended primarily for the synchroniza- 
tion of the digital data exchange (EDS) 
[2] and the 64/2048-kbit/s multiplexers. 
The digital exchanges for 64-kbit/s voice 
and data signals (EWSD) have their own 
synchronization equipment [3]. It is part 
of the central clock generator (CCG) in 
the exchange and is normally driven for 
each of the two synchronization paths 
with the 2048-kHz clock from the associ- 
ated digital interface unit (DIU). If the 
existing FDM network is used for the 
provision of synchronization paths, or if 
the structure of the synchronization net- 
work so demands, the control clocks can 
also be obtained from an FDM master 
frequency inset or a standard-frequency 
inset [4]. 


The standard-frequency unit controls 
the standard clock inset which is 
intended primarily as a central clock dis- 
tributor. As an option, it can also supply 
frequencies of 1 kHz and 10 MHz for 
controlling measuring equipment. 


FSU 
PSU 


Frequency monitor threshold 

Phase discontinuity monitor threshold 

TIE Time interval error 

Calculated 3-ot values for digital transmission links 


If FDM master frequency insets are 
already available in a network node, 
they can assume the control functions of 
the standard-clock insets instead of the 
standard-frequency inset. If they are 
preceded by a_ standard-frequency 
switching inset, control is still possible 
via two separate paths. This economical 
solution, however, is achieved at the 
expense of a certain reduction in the 
response to interference in the reference 
signal. 


Standard-frequency equipment 


Three units were developed for the con- 
struction of a synchronous network: the 
standard-frequency inset, the standard 
clock inset and the standard-frequency 
switching inset (Fig. 3). The characteris- 
tics of these equipments are listed in the 
Table. 


Standard frequency inset 


This consists of three functional units 
(Fig. 4): the interface, the standard-fre- 
quency regenerator and the output 
switch with amplifiers. All sources of 
synchronization available within the net- 


V TIE measured values for synchronization 


via digital signal systems 


O TIE measured values for synchronization 


via FDM systems 


Fig. 1 Time interval errors in a synchronous network node 
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2048 kbit/s 


2048.300 kH 
oe 


2048 kbit/s 


CCG Central clock generator 
DDF Digital distribution frame 
DIU Digital interface unit 
DTN Data transmission node 


Fig.2 Synchronous network node configuration 


work can be connected to it. The input 
interface is followed by a phase-locked 
loop (PLL), which converts the various 
input frequencies to a uniform inter- 
mediate frequency. If the type of input is 
changed, it is only necessary to replace 
the relevant input interface. 


The function of the standard-frequency 
regenerator 1s to servo the voltage-con- 
trolled oscillator (VCO) (the heart of 
the standard-frequency inset) using a 
reference frequency in such a way that 
the phase fluctuations (jitter, wander) of 
the reference frequency are largely sup- 
pressed without allowing too great a 
phase error to build up between the 
input and output. The temperature- 
controlled crystal oscillator generates a 
frequency of 4096 kHz. 


1 kHz, 10 MHz 
(Test frequency) 
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FDM pilots 


2048 kHz 


500 kHz 
24. 


300 kHz 


< 64 kbit/s 


EWSD/EDS Digital voice/data switch 

FDM Frequency-division multiplex 

NFrE Standard-frequency inset 
(operating & standby) 


At the 32-kHz frequency level, the 
phase discriminator (PD) compares the 
phase of the VCO with that of the input 
signal. The following loop filter (LF) 
consists of an analog proportional part 
and a digital integral part, whose out- 
puts are added and used to adjust the 
VCO. The regulation error remaining in 
the proportional regulator is compen- 
sated by the integral regulator. Follow- 
ing the compensation procedure, the 
manipulated variable determined with 
the integration time constant (about 10 
hours) is stored in the integrator, so that 
the integral regulator then operates as a 
controlled variable storage (SP) which 
supplies the control voltage for the VCO 
on failure of the reference frequency 
(holding mode H). In the storage mode, 
the relative frequency error following 
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ee | 


9 300 tte 
ae 


2048 kbit/s 


2048 “/\ 


» Analog 
° 64 kbit/s * voice 
Al * channels 
2048 kbit/s 
NFrUE Standard-frequency switching inset 
NTAE Standard clock inset (operating & standby) 
NTV Network clock 
StFrE FDM master frequency inset 


(operating & standby) 


failure of the reference frequency is kept 
below 10°’, plus an aging rate of the 
generator of approximately 10°’ per 
day. 


Optimum configuration control between 
the duplicated insets is achieved by a 
sophisticated monitoring system, so that 
disturbance of the reference signals and 
equipment faults have only a very limit- 
ed effect or none at all on the output 
timing signals. Phase slips and frequency 
errors in the reference signals in particu- 
lar are monitored. The positions of the 
thresholds are shown in Fig. 1. 


Inadmissible phase discontinuities in the 
reference frequency, such as_ those 
caused by switchover processes, are cor- 
rected as far as possible by adjusting the 
frequency divider FT1, which has the 
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Fig.3 Standard-frequency inset (NFrE),standard clock inset (NTaE), 
and standard-frequency switching inset (NFrUE) (from left to right) 


same effect as resetting the control devi- 
ation. 


In the event of a fault, the amplitude 
monitor (ASU1), frequency monitor 
(FSU) and phase monitor (PSU) trans- 
mit an alarm to the configuration con- 
troller (KS). Taking into account the 
status of the duplicate inset (e.g. 
standby), the best possible operating 
mode is selected on the basis of a major- 
ity decision. 
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The switch (UMSCH1) enables control 
of the VCO to be switched as required 
to its own reference frequency (normal 
mode), the output frequency of the 
duplicate inset (slave mode) or its own 
output frequency (holding mode). If 
both reference signals (path 1 and 
path 2) fail, the system switches to 
storage mode. 


The output signals are monitored (ASU2) 
for inadmissible loss of amplitude. In the 


event of an alarm, operation is switched 
to the duplicate inset (UMSCH 2). 


Standard clock inset 


The standard clock inset is equipped 
with an low-cost standard-frequency 
regenerator with a frequency error in 
the storage mode of Af/f <= 10°° (see 
Table). It is designed for control by a 
2048-kHz clock via two paths. 


The standard clock inset can be driven 
directly by an FDM master frequency 
inset or a_ standard-frequency inset 
(standard-frequency regenerator not fit- 
ted), since the control signal has already 
been optimally regenerated. In this case, 
only one control line is required (Fig. 5). 
Two insets can be combined to form an 
operating/standby unit. Synchronous 
digital signal multiplex equipment and 
the network clock in the data transmis- 
sion node (DTN) etc., are connected via 
a standard clock distributor (VT). The 
distributor also supplies frequencies at 
1 kHz and 10 MHz for measurement 
purposes, where necessary. 


Standard-frequency switching inset 


The interconnection of the standard-fre- 
quency switching inset with the style 7R 
master frequency inset and the standard 
clock inset is shown in Fig. 5. Two inter- 
face inputs allow it to be connected via 
two paths to the reference sources pro- 
vided in the standard-frequency net- 
work. The switch UMSCH1 selects an 
undisturbed path and in all cases passes 
a 300-kHz signal to the FDM master fre- 
quency inset, which must be equipped 
with means for automatic frequency 
control. The distribution of the master 
frequencies in the synchronous network 
node is shown in Fig. 2. 


Racks 


Each standard clock rack (style 7R) 
houses one standard-frequency switch- 
ing inset with two standard clock insets 
and the associated power supplies. The 
standard-frequency rack (style 7R) con- 
tains two standard-frequency insets with 
integral power supply. 


Performance in field trials 


The investigations focussed on the syn- 
chronization of digital paths, as up to 
now no experimental data were avail- 
able from this area. The results of a 
synchronization trial with frequency 
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60 
300 
2048 
4200 
10000 
2048 * 
Operating 
Standby 
: kbit/s KS Configuration control 
ASU 1, 2 Amplitude monitor 1, 2 LF Loop filter 
FSU Frequency monitor N Normal mode 
Fr i,2 Frequency divider 1, 2 PD Phase discriminator 
H Holding mode PLL Input phase-locked loop 
IF 1,2 Input interface 1, 2 PSU Phase monitor 


Fig.4 Functional diagram of the standard-frequency inset 


Master frequency inset 


Standard-frequency 


(StFrE) switching inset 
(NFrUE) 
Controlled by FDM pilot 2.048 MHz clock 
Control source FDM line Demultiplexer (T3 out) 
termination 


Jitter tolerance 0.5 s (Pilot) G. 823 G. 823 (Q. 503) | 


Automatic By level alarm 
standby path selection 

Memory error* or resolution 5-10-76 :10™ 

Correction of 

phase discontinuities 

Frequency monitor 5-10* 

threshold 

Synchronization monitor a 


Jitter bandwidth 0.3 -10°-* Hz 


Output frequencies 60, 300, 4200 kHz 
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SL Slave mode 

SP Control memory 

UMSCH1...3 Switch 1...3 

VCO Voltage controlled oscillator 

VT Distributor 
Standard-frequency inset Standard clock inset 
(NFrE) (NTaE) 
FDM pilot, 300 kHz 
2.048 MHz or Mbit/s 2.048 MHz 
FDM line termination Master frequency inset, 
Demultiplexer (T3 out) Standard-frequency inset, 
Digital distribution frame Demultiplexer (T3 out) 

G. 823 
By level or | By level alarm 
frequency alarm 
(majority decision) 
10-°/6 - 1071" 107/10" 
After level and After level failure 
frequency failure 
: 
0.3 - 10-° Hz 1 Hz 
300, 2048 kHz 60, 300, 2048 kHz 
(1 kHz, 10 MHz) 


CCITT Recommendations = Sa G. 823 Q. 503, G. 811, G. 823 G. 823 


* Input jitter and wander per G. 823 


Table Characteristics of network synchronization equipment 
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Standard clock rack BW7R 


ee ee LS A ae ee 
ge FN 


ASU Amplitude monitor 

BW7R Style 7R 

IF a.2 Input interface 1, 2 

NFrUE Standard-frequency switching inset 


Master frequency rack BW7R 


NTaE Standard clock inset 
Str Master frequency inset 
UMSCH Switch 

VT Distributor 


Fig.5 Interconnection of the standard-frequency switching inset and other insets 


comparison pilots in the FDM network 
have already been reported [5]. The 
2048-kbit/s channel selected for synchro- 
nization was transmitted in a test loop of 
up to 1000 km in length using 34-Mbit/s 
coaxial and radio relay links. The refer- 
ence clock for controlling the standard- 
frequency inset was taken from the clock 
output of a 2048-kbit/s demultiplexer at 
the end of the test loop. 


The phase drift of the regenerated mas- 
ter clock at the output of the standard- 
frequency inset during the trial period 
was almost exclusively a consequence of 
phase discontinuities and amplitude 
failures caused by transmission faults. 
Time interval errors (TIE) for two 
paths, measured at the output of the 
standard-frequency inset, are shown in 
Fig. 6; for clarification, the 0, values 
accumulated over the 60 day trial period 
are shown for both sections. 


The test results are compared in Fig. 1 
with the tolerance specifications laid 
down in CCITT Recommendation 
G.811. 


The TIEs for three measurement peri- 
ods are shown, measured for synchroni- 
zation via digital and analog FDM trans- 
mission links. The calculated value 3-a, 
is shown in red additionally for the digi- 
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tal transmission links. This represents a 
theoretical probability of 3-10~° that the 
threshold will be exceeded. 


The test results show that the TIE values 
recommended by the CCITT in G.811 
for gateway offices can be met, despite 
the disturbances which occur in actual 
operation and that the monitoring strat- 


Fig.6 Measured time interval errors in field trials 


egy employed is well suited to the oper- 
ating conditions. 


Synchronization 
in the broadband ISDN 


The concept of synchronous user line 
circuits in a broadband ISDN is illus- 
trated in Fig. 7. The broadband network 
termination includes accesses by D, B, 
H1 and H4 signals, which can be shown 
as synchronous. The terminal equip- 
ment (TE) and network termination 
(NT) are user equipment, whereas the 
broadband access module (BAM), the 
switching network (SN) and the broad- 
band access module for interoffice 
trunks (BAV) are part of the local 
exchange equipment. The _ clock 
required for the B channel switching 
network is supplied by the standard 
clock regenerator (NTR). The broad- 
band clock is derived by means of 
upward synthesis, and is supplied via the 
broadband interface Spgz to the terminal 
equipment which incorporates the video 
signal plesiochronously into the H4 
signal. The resulting nominal bit rate 
at the Spp interface is approximately 
150 Mbit/s. This digital signal is re- 
ceived from or transmitted to the 
optical waveguide at the U-U interfaces. 
In the BAM the signal is demultiplexed 
synchronously into D, B, Hl and H4 
signal carriers with bit rates of 16, 64, 
2048 and 139264 kbit/s, respectively. 
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User Line 
circuit 


BB clock 
Narrow-band clock 

B,H1,H4 — Signals 
BAM Broadband access module 
BAV Broadband access module for interoffice 

trunks 
BB Broadband 
DS Digital signal 
NB Narrowband 


Local 
exchange 


ISDN Transmission Technology 


Interoffice 
trunk 


2.4 Gbit/s 


965 Mbit/s 


140 Mbit/s 


2.048 Mbit/s 


2.048 Mbit/s 


\ Standard-frequency 
network 


NT Network termination 

NTR Network clock regenerator 
OF Optical fiber 

Sap Broadband interface 

SN Switching network 

B ii Terminal equipment 

U Interface 


Fig.7 Concept of synchronous user line circuits in a broadband ISDN 


The broadband signals are thus fed 
synchronously to the interoffice trunks 
(VL). The multiplex systems of the long- 
haul network operate plesiochronously. 
Due to the synchronization of the net- 
work, there are also synchronous digital 


signals (DS) in the incoming direction 
with nominal bit rates of 139264 kbit/s 
(DS 140) and 2048 kbit/s (DS 2). 


Buffers must be used to compensate the 
phase jitter which occurs at the interface 


between the interoffice trunk and the 
local exchange. The capacity of such 
buffers was estimated in [6] at about 
22 us, which should not give rise to 
any problems in light of the advances 
being made in high-speed semiconduc- 
tor memory technology. 


The following advantages support the 
concept of a synchronous user line cir- 
cuit: 

e The clock tolerance of the bit rates 
from the terminal equipment is deter- 
mined by the network clock which is 
monitored during operation. 


e Simple multiplexing-demultiplexing 
of the 150-Mbit/s digital signal at the Sp 
interface. 


e Synchronized switching networks for 
B, H1 and H4 channels; in particular, 
TDM switching networks for B and H1 
channels are possible, but not necessary, 
as plesiochronous switching networks 
can also be used. 


e Elimination of the accumulated long- 
haul network jitter in the exchanges. 


The drawbacks of the synchronous con- 
cept, such as slip caused by buffer over- 
flow and the cost of buffer memories, 
must be weighed against such advan- 
tages. However, as in the case of the 
narrowband ISDN, with the advance of 
technology they should prove no 
obstruction to the introduction of 
synchronization in the broadband ISDN 
also. 
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Pee ee een toa 


Gerhard Bergmann and Albert Peitz 


[he Evolution of lext 
and Data Networks to |SDN 


In the last few years Siemens has been 
able to improve even further on its tradi- 
tionally impressive worldwide perfor- 
mance in the field of text and data com- 
munication. In the past efforts were con- 
centrated on the supply, installation and 
commissioning of switching systems and 
associated network components for the 
worldwide telex network and the estab- 
lishment of ‘digital’? dedicated circuit 
data networks. The main area of activity 
today — one which will gain in import- 
ance as time goes by -— is the establish- 
ment of packet switching networks. In 
addition, the introduction of ISDN will 
generate a demand for facilities at the 
service and network interfaces between 
existing networks and the text and data 
services that will be introduced under 
ISDN and also between existing net- 
works and ISDN itself. One further 
aspect is that the PTTs and operating 
companies will have to provide their 
subscribers with more and more features 
and functions, often referred to as value- 
added services. Here, too, use can be 
made of past experience to improve the 
communication infrastructure of indi- 
vidual countries with existing and new 
products and ensure that efficient use is 
made of the available resources. 
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< Modern business communications require flexible 
and fast text and data networks 


Better text and data communication 
—a constant challenge 


There are few areas in which technologi- 
cal change has as pronounced an effect 
as in text and data communication. The 
continual development of new products 
is virtually taken for granted. 


In the future, however, it will be neces- 
sary to concentrate more on the needs of 
public network users and help solve the 
problems of text and data communica- 
tion. 


In addition to public networks, a large 
number of text and data communication 
networks have already been established 


Text and Data Transmission 


to which only a limited circle of users 
with the same special requirements has 
access. These closed user networks, as 
they are called, often use the connection 
paths and other facilities of the public 
networks. They do, however, require 
not inconsiderable additional invest- 
ment in products which are designed in 
accordance with the same principles of 
text and data communication as apply to 
public networks. Consequently, total 
packages involving everything from net- 
work planning to the supply of network 
elements and including installation and 
commissioning are of great benefit to 
operators and users of both public net- 
works and closed user networks. 


CS Circuit switching 
NM Network module 
PS Packet switching 


Fig.1 


| 
| 15 years SPC experience, over 1 million line units worldwide. > Trends in... 


SPC Stored program control 
TD Text and data 


VAS Value-added services 


The evolution of the four segments of text and data communication: 


network modules, circuit switching, packet switching and systems for value-added services 
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Text and Data Transmission 
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Location B 
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Packet-switched line 

HP Channel module for high-level telex 
connections 

Two-wire baseband transmission 


UEB 


Fig.2 ZD-A3/2 time-division multiplex system for the connection of all text and data terminals 


including 50-baud telex 


Multiple use 
of hardware and software 


Text and data communication can be di- 
vided into four segments: network mod- 
ules, circuit switching, packet switching 
and systems offering value-added ser- 
vices. Fig. 1 shows the evolution of these 
segments and the objectives for the pres- 
ent and the foreseeable future. Origi- 
nally, each switching application had its 
own range of systems: EDXC for circuit 
switching, EDXP for packet switching 
and EDXM for closed user networks. 
This offered operating companies a host 
of advantages in terms of uniform system 
operation and maintenance. 


It might be reasonable to assume, there- 
fore, that the new objectives are no dif- 
ferent from what already exists. In fact, 
they represent a logical development of 
the basic concept, namely of employing 
technology that is as uniform as possible 
for a variety of applications. There are, 
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however, two important innovations 
here: first, the close interworking be- 
tween network modules, which have 
now reached an exceptionally high level 
of technological sophistication, and sec- 
ond, their use in switching systems. The 
principal results of this development 
are: 


e uniform technology at all network 
levels and for all applications in text and 
data networks, 


e multiple use of hardware and 
software, 


e coordinated network operation and 
administration. 


Thus, it is no longer a question of one 
system for one application. Nowadays, 
whatever the application it is possible to 
configure a network consisting of uni- 
form modules within a total system con- 
cept, with the level of investment and 
the degree of flexibility tailored to the 
particular requirements. 


Innovation within existing 
text and data networks 

for the benefit of subscribers 
and operating companies 


The ZD family of time-division multi- 
plex systems is designed for data rates 
ranging from 50 bit/s to 19.2 kbit/s and 
aggregate bit streams from 54/64 kbit/s 
to 1.5/2 Mbit/s (Fig.2). It and the Elec- 
tronic Data  Dizistribution System 
(EDDS), both of which number among 
the network modules mentioned above, 
have facilities for dynamic channel 
assignment and data rate distribution 
within the aggregate bit streams. Sepa- 
rate control inputs are provided for 
these functions and are routed in the 
Same way as normal connections via the 
feeder network to the local, regional 
and/or central control centers in the net- 
work (Fig. 3). 


This opens up fresh possibilities in terms 
of making the best use of available 
resources in a modern data network and 
improving efficiency in traffic handling. 


The storage and management of a data 
base in the network exchanges means 
that now even individual users or user 
groups can access these data and allo- 
cate themselves additional or restricted 
resources On a temporary or permanent 
basis. Obviously, the PT'Ts and operat- 
ing companies expect these text and data 
networks to provide them with all the 
information required for billing, and 
that such intervention in the network is 
closely controlled by the allocation sys- 
tem to avoid impairing the availability of 
the entire network and the quality of 
service. Particularly in this respect, the 
EDXP and EDXS switching systems 
with their network control center (NCC) 
and system control center (SCC) have 
an impressive service record throughout 
the world (Fig. 4). Not only do they have 
the necessary safeguarding software and 
the relevant operator interface, but also 
a storage capacity ranging from 20 
megabytes to several gigabytes for stor- 
ing the network management data. 


Integration of utmost importance 
in the feeder network 


The international telex network already 
exists — subscribers of this network can 
be dialed directly from almost anywhere 
in the world. Data services for transmis- 
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sion rates of up to 9600 bit/s reside for 
the most part in “digital” dedicated cir- 
cuit data networks. For interactive traf- 
fic, particularly between terminals and 
host computers, international packet 
switching networks are now being estab- 
lished. Although text and data traffic 
has been’ recording above-average 
growth, subscriber densities in public 
data networks, and hence the number of 
network nodes, are still appreciably 
lower than the corresponding figures for 
telephone subscribers in the “analog” 
telephone network. 


For this reason, the integration of as 
many text and data services as possible 
and the multiple use of connection paths 
in the feeder network at the lowest net- 
work level is much more important than 
in a telephone network. Modern net- 
work modules are designed with this in 
mind. 


Data over voice modems enable tele- 
phone lines to be used also for text and 


¥ Control input for channel allocation 
Tage Network administration data 
CAC Channel allocation control 
EDDS Electronic data distribution system 
EDXS Electronic data exchange system 


OT Operator Terminal 
ZD-A3/2 Time-division multiplex system 


Fig.3 Automatic distribution 
of data channels and data rates 


Text and Data Transmission 


Fig.4 System control center of an EDXS automatic exchange supplied to Telecoms, Singapore 


data terminals at speeds of 50 bauds to 
19.2 kbit/s — in other words, not only for 
telex but also for most synchronous and 
asynchronous data terminals in the dedi- 
cated circuit data network, the packet 
switching network and the circuit switch- 
ing network. 


Until now, there has been no equipment 
able to group and distribute at low cost 
the various data services which could be 
routed as described above from the sub- 
scriber to the local telephone exchange. 


The ZD-A3/2 data multiplexer with its 
mixed mode facility can group individual 
connections in any combination via a 
maximum of four aggregate bit streams 
each capable of handling 64 kbit/s and 
route them via PCM circuits, for exam- 
ple, to the network nodes of the “digital” 
text and data network. The 64-kbit/s data 
streams terminate here at the EDDS 
(Fig.5), the function of which is to sort 
the various channels, from high-speed 
data channels down to the 50-baud telex 
channels, according to direction, net- 
work and service, regroup them, com- 
press them if necessary and distribute 
them among 64-kbit/s outputs. All the 
circuit-switched services are now routed 
via 64-kbit/s inputs directly to a further 
system, such as the EDXS switching sys- 
tem. The data signals from the dedicated 
circuit data network subscribers leave 
the EDDS in the network node together 
with the signals of the interexchange 
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trunks of the circuit-switched and pack- 
et-switched network sorted according 
to direction. Depending on bandwidth 
requirements, this is achieved using 
64-kbit/s or 2-Mbit/s inputs and outputs 
on PCM channels at the first or second 
hierarchy level. 


In an ISDN the 64-kbit/s, or possibly 
2-Mbit/s, inputs and outputs can also be 
integrated into an ISDN environment 
via permanent (or “nailed”) connec- 
tions. The EDDS has an assignment 
memory, the contents of which can be 
managed and controlled by the data 
base stored in the EDXS in exactly the 
same way as the assignment information 
of the ZD-A3/2 multiplexer for this reg- 
ion. This makes it possible for the indi- 
vidual services in their networks to be 
assigned automatically (no manual jum- 
pering) and also dynamically, if so 
required, combined with as yet unfore- 
seeable added convenience for the users 
and operators of public and closed-user 
data networks. 


Summary and prospects 


Text and data communication for ser- 
vices up to 64 kbit/s, including telex, has 
now reached a high level of technologi- 
cal sophistication. The telex service, for 
example, is at present the only interna- 
tional full-coverage text service that is 
readily available. However, it did not 
spring up overnight — it is the result of 


179 


Text and Data Transmission 


Local text and data network subscribers 


Long-distance text and data network subscribers 


Advanced network processor 
CS Circuit switching 

Modem (data over voice) 
Pulse code modulation 

PS Packet switching 

Fig. 5 
(Electronic Data Distribution System) 


widespread acceptance and continual 
growth over the last 50 years. This net- 
work represents an enormous invest- 
ment which must have a guaranteed 
future. 


With the introduction of ISDN, new and 
better quality text and data services will 
certainly be possible. Wherever appro- 
priate, these new services must have 
access to existing text and data services. 
Even ISDN will not be generally avail- 
able from one day to the next. As is the 
case with established text and data ser- 
vices, the growth of ISDN will depend 
on the degree to which it is accepted by 
PTTs and users and on the nature of the 
benefits it has to offer them. 


The objective must be to provide facili- 
ties based on uniform technology for im- 
plementing user-friendly procedures at 
the network and service interfaces. 


At present, data communication already 
takes place mostly in “digital” dedicated 
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Telephone subscribers 


PSTN  Public-switched telephone network 
TDM _ Time-division multiplex 
VAS _ Value-added services 

e.g. 64 kbit/s 

e.g. 2 Mbit/s 


Integrated text and data network with dynamic channel assignment by EDDS 


circuit data networks, though there are a 
considerable number of data subscribers 
connected to the “analog” telephone 
network. Packet switching networks are 
enjoying high growth rates, particularly 
for interactive traffic between terminals 
and host computers which perform 
speed matching and in some cases pro- 
tocol conversion functions. Network 
interfaces (e.g. dialing into and out of 
the “analog” telephone networks) also 
make packet-switched networks more 
attractive. 


Whether or not these networks will con- 
tinue to grow depends on the willingness 
of operating companies to maintain the 
networks. This in turn depends on 
whether or not these companies are con- 
vinced that their investment will yield 
long-term profits. The technology 
described in this paper will certainly 
make the going easier, particularly as 
the chosen path is heading toward the 
ISDN with all the extra facilities that it 


has to offer operators and users of text 
and data networks. The most important 
features are: 


e coordinated integration 
into existing networks, 


e uniform technology 
at all network levels, 


e low-cost feeder system 

for the unrestricted connection of 
equipment, ranging from 50-baud telex 
machines to 19.2-kbit/s data terminals, 
for the circuit-switched text and data 
network and for the “digital” dedicated 
circuit data network and packet 
switching network, 


e an electronic data distribution system 
(EDDS) which dispenses with complex 
jumpering and offers dynamic load 
distribution and uniform network 
management and control of both 
switching and transmission resources. 
These can be centralized for a network 
without precluding regional and/or local 
management and control. 


Additional facilities for the user must be 
guaranteed. Such facilities include the 
following: 


e Virtual circuit switching 

In this mode a connection is established 
in the same way as any normal dialed 
connection but speed and/or code 
matching can be performed within the 
network. 


e Virtual leased line 

This is a dedicated data connection in 
which code and/or speed matching is 
performed. 


e Temporary leased line 

At a set time the network automatically 
establishes a leased line and maintains it 
for a predetermined period. Thus, for 
example, a department store can trans- 
mit the day’s takings and stock reports 
to a central office at 6:30 p.m. when 
tariffs are lower. 


e Allocation of resources on request 
Subscribers who have been assigned a 
corresponding class of service can, for 
example, ask the system to allocate 
them a dedicated data circuit or access 
to the packet switching network or a 
higher bandwidth. The regional or cen- 
tral network management facility checks 
the validity of the request and availabil- 
ity and, if both are in order, automati- 
cally provides the necessary resources. 


This is only a selection of the many fea- 
tures and facilities of the text and data 
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networks currently available and yet to 
come. These networks continue to ex- 
pand because the demand for text and 
data communication is continually grow- 
ing. Subscribers and PTTs will enjoy 
the economic benefits of text and data 
networks as described above for a long 
time — particularly since these networks 
can steadily merge into the new ISDN 
environment. 


Integration is a word which is often only 
used in connection with the shared use 
of resources within a network. Just as 
important for open communication — if 
not more so — is the integration of differ- 
ent services. And this is where the cur- 
rent text and data networks have much 
to offer; one only has to think of telex/ 
teletex interworking and the possibilities 
that packet switching networks and ulti- 
mately ISDN itself have to offer. 
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Text and Data Transmission 


Realization of Versatile 
[ransmission Networks 
for lextand Data 


There are a great many aspects of our 
everyday private and professional lives 
which are affected and supported by 
modern data communications. Some- 
times, a particular service simply could 
not be offered if no reliable means of 
data transmission were available (reser- 
vations of seats through travel agencies 
is an example). In other cases, services 
can be improved or speeded up, or the 
cost of the service can be reduced (this is 
true of information services, for in- 
stance). 


From the viewpoint of the user, the 
requirements that data networks have to 
meet are very varied: differing volumes 
of data, data transmission rates, de- 
mands on the availability, acceptable 
charge rates and costs, interfaces, codes, 
data formats and protocols are some of 
the important parameters that have to 
be taken into account. Despite this wide 
range of requirements, networks must 
retain a certain degree of standardiza- 
tion and uniformity if they are to be easy 
to use and reliable in operation with per- 
sonnel costs kept to a minimum. 
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Integrating a data network into 
existing communication networks 


Present-day communication networks 
are used primarily for telephony, a func- 
tion for which they have been optimized. 
Digital information, by which is meant 
information which has been generated in 
digital form by the information source 
(such as telex, data, teletex and interac- 
tive videotex), must (also) be transmitted 
via the general communication networks 
and must be adapted to suit the circum- 
stances defined largely for telephony. 


Until a few years ago, the general com- 
munication networks were of analog 
design — the electromechanical circuit 
switching centers and the FDM systems 
in the long-haul network largely deter- 
mined the network features. Only re- 
cently have digital transmission systems 
(such as pulse code modulation or PCM) 
and digital exchanges (such as EWSD) 
been introduced. Networks for transmit- 
ting digital information must adapt to 
this wide range of existing communica- 
tion networks. The special data transmis- 
sion equipment described here is there- 
fore designed equally for use in analog, 
digital and mixed-mode networks. 


The oldest digital network is the one 
that was established for telex traffic. At 
a very early stage in the development of 
this network it was realized that the 
quality of transmission — which essen- 
tially relates to the error-free transmis- 
sion of text messages — could be consid- 
erably improved if the signals were 
transmitted section by section from the 
information source to the information 
sink with signal regenerators arranged at 
intervals along the connecting path, and 
it was on this basis that the reliable telex 
network arose. Even today, it 1s still the 
only truly international “digital” com- 
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Text and Data Transmission 
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Fig.1 General-purpose transmission network for text and data services 


munication network which enables con- 
nections to be established between all 
countries. Telex has now been joined by 
numerous new services which, at least on 
a regional level, have in some cases 
become more important than telex. 
These include: 


e data transmission 

via dedicated circuits, 

e data connection via circuit switching 
and packet switching exchanges, 

e teletex, 

@ videotex and 

@ various special services. 


Particularly in the last sector there is a 
constant stream of new applications. 
Often, the services are extremely limited 
in their geographical coverage and all 
manner of combinations occur in the 
various regions — in terms both of the 
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type of services and the number of users 
[1]. 

Regardless of the type of digital service, 
the most important requirement is that 
the messages be transmitted with a mini- 
mum of errors. It seemed obvious, 
therefore, that section-by-section trans- 
mission — as practiced with telex and as 
planned for worldwide integrated digital 
networks — should also be applied to text 
and data networks. 


When data transmission and text ser- 
vices were still in their infancy the ten- 
dency was to establish separate transmis- 
sion facilities and networks for each ser- 
vice. It very soon became apparent that 
the number of users for the individual 
services remained modest, and particu- 
larly in rural areas there were only very 
few subscribers who were interested in 
only one service in one exchange area. 


Nodes with switching centers 


Data (dedicated circuit) 


Switch 
(telex, teletex, 
data) 


Telephony 


om 


Trunk 
connections 
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Videotex center 


VAS, e. g. text 
mailbox, videotex, 
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Network 
Management 
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ZD-A3/2 —__ Time-division multiplex system for text 


and data 


Usage of the network-specific transmis- 
sion facilities was therefore extremely 
poor and the costs correspondingly high. 
It was absolutely essential, therefore, to 
develop data and text transmission 
equipment which could be used equally 
well by all the services. Such equipment 
would then be economic even for small 
numbers of users or in thinly populated 
areas, and the text and data services as a 
whole would benefit. These aspects are 
of paramount importance, especially for 
networks about to be established, be- 
cause in most cases only a few users are 
connected at the outset. Hence only by 
combining all the services can the cost of 
connecting users to data network nodes 
be kept low — this in turn is essential if a 
text and data service is to be successfully 
set up and operated. Fig.1 shows the 
connection of a versatile pheripheral 
data node to a switching node. 
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Interface to user-owned terminals 


Data networks terminate with the user 
in a data circuit terminating equipment 
(DCE) which offers the user-owned ter- 
minals a standardized interface. It also 
includes the special transmission equip- 
ment for sending information in the user 
line circuit. The DCE also contains facil- 
ities which allow the user lines and itself 
to be monitored continuously from the 
exchange and which facilitate localiza- 
tion of any faults occurring. In the inter- 
est of a well-defined and verifiable inter- 
face to the user-owned equipment, the 
DCE should be considered part of the 
network. 


The large number of interfaces that have 
been standardized by CCITT appear 
confusing at first (they are summarized 
in Table 1). However, matters are sim- 
plified by the fact that some of the 
recommendations are very similar, and 
it is thus possible to cover a number of 
applications with just one type of DCE. 
In addition, a large number of data ter- 
minals favor the V.24 interface (corres- 
ponds to RS232C in the USA) intro- 
duced many years ago on the basis of a 
CCITT recommendation, and the virtu- 
ally identical X.20bis and X.21bis inter- 
faces, so that the operator of general- 
purpose data networks is faced with a 
choice of only a few versions. It 1s 
important for these DCEs to be capable 
of handling all the common data rates up 
to 19.2 kbit/s, so that PTTs are not con- 
fronted by the logistical problems of 
data-rate matching. 


Using the connecting paths 
available in the general 
communication network 


User line circuit sector 


Great importance is attached to the low- 
cost use of connecting paths, with much 
attention focused on the circuit from the 
user to the first data network node. In 
high-density data networks this node is 
also the local telephone exchange. In 
this case, the data user line circuit is 
comparable to the telephone subscriber 
line circuit and is generally not longer 
than 5km. In contrast, in networks with 
relatively few text and data users, the 
first data network node will have to 
serve users from several telephone 
exchange areas, which means that the 
connecting lines will then be longer. 


Data service 


Text and Data Transmission 


CCITT Recommendation 


V.24 X.20 X.21 X.20 X.21 V.21 
bis bis R20 


Dedicated data ciftuits 
Circuit-switched data network 
Packet-switched data network 
Teletex 

Videotex 


Telex 


Table1 Interfaces used between data circuit termitating equipment and terminals 


The best method of transmitting infor- 
mation via the user line circuit is to use 
the baseband [2]. To permit full-duplex 
traffic to be handled on two-wire paths, 
the two traffic directions are isolated 
from each other by means of echo sup- 
pression. These systems are adequate if 
the data network node is located at the 
local telephone exchange; in most cases, 
however, connections can also be estab- 
lished to neighboring switching centers 
or telephone exchanges at a higher net- 
work level. 


Two-wire baseband systems with echo 
suppression are among the most impor- 
tant building blocks for data networks. 
Due to their frequency of occurrence in 
the network and hence their economic 
importance, they are of LSI design 
(large scale integration). In modules 
such as these, transmitters and receivers 
are combined with line equalizers and 
echo compensators. 


In the few cases where two-wire base- 
band technology is not adequate for this 
purpose, four-wire systems can be used 
to increase the range. If FDM systems 
are included in the subscriber line cir- 
cuit, a modulation system for channels 
with VF bandwidth is used instead of 
baseband transmission. 


Sometimes a separate text and data line 
is not feasible, and the telephone sub- 
scriber line is used instead for the digital 
services also — of course, the quality of 
the telephone service must not suffer as 
a result. Of the many possible ways of 
using the subscriber line for multiple 
applications, “data over voice” is cur- 
rently the most cost-effective. This 
method leaves the analog telephone 
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connection completely unaffected, since 
data transmission takes place in the fre- 
quency band above that of the telephone 
channel. Fig.2 shows the sort of unit 
employed by the subscriber as a DCE. 


The data over voice method is only suit- 
able if the data terminal node is sited 
with the telephone exchange, or if suffi- 
cient lines can be routed from the tele- 
phone exchange via a time-division mul- 
tiplex (TDM) system to the nearest data 
network node. Otherwise, additional 
investment is required for the transmis- 
sion of the digital information. Some- 
times, joint usage of the subscriber line 
for telephony and data transmission can 
lead to organizational difficulties; for 
example, different authorities may be 
responsible for telephone traffic and 
data traffic, or there may be separate 
maintenance centers. 


Long-distance sector 


In order to save cost in the long-distance 
sector, TDM equipment is used princi- 
pally to keep bandwidth requirements to 
a minimum. In accordance with the pre- 
viously mentioned requirement for the 
network to be generally available for all 
digital information, the transmission sys- 
tems for the long-distance sector must 
also be adaptable to the services. A spe- 
cial feature of the ZD A3/2 time-division 
multiplex system {3] developed for text 
and data networks is its flexibility. It 
offers a number of different interfaces 
on the high- and low-speed sides, so that 
it can be optimally adapted to the condi- 
tions prevailing in the communication 
network; this means operation over 
FDM or PCM links or via local cables. 
To make the best use of the bandwidth 
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of the aggregate bit stream, channel 
assignment is software-controlled and 
can be programmed to suit individual 
needs. All the various services, from 
“high-speed” data channels (19.2 kbit/s), 
through teletex (2.4 kbit/s) to telex 
(50 bit/s), can then be transmitted on the 
same TDM trunk. This versatility often 
means that the ZD A3/2 multiplexer 1s 
used even on relatively short links in 
order to save user line circuits. Typical 
applications include linking exchanges in 
large cities with the aid of baseband 
transmission or PCM links, and econo- 
mizing on lines to major users with a 
variety of digital services. In this latter 
case, the ZD A3/2 systems are installed 
on the users’ premises. 


In some countries circuit-switched text 
and data traffic is the predominant 
mode. In such cases, it is worthwhile to 
connect the users via concentrators to 
the exchanges, to achieve a further sav- 
ing of bandwidth in the long-distance 
sector. With the variety of data rates 
employed, the trunk for each data rate 
category may be small and, from the 
viewpoint of traffic theory, line usage 
may be highly unsatisfactory. To counter 
this, a concentrator featuring an integral 
time-division multiplex system was 
developed which controls the distribu- 
tion of the aggregate bit stream dynami- 
cally as a function of traffic volume and 
data rate. Thus, the ZD-D time-division 
multiplex system [4] prevents a “busy” 
signal from occurring for a particular 
data rate category due to overloading if 
there is spare capacity available else- 
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where in the aggregate bit stream. In 
this way, the entire transmission capac- 
ity is made available at all times for all 
data rate categories. In addition, the 
ZD-D system helps save system connec- 
tions in the exchange and reduces the 
load on the central processor. 


Network clock 


Modern digital networks operate syn- 
chronously; in other words, all the ele- 
ments are operated in synchronism. In 
some countries the equipment is sup- 
plied with the clock frequency via spe- 
cial paths, which in turn are fed by 
atomic master clock generators. In order 
to maintain operation with a clock fre- 
quency defect, slave clock generators 
are installed at important nodes through- 
out the network which, despite being 
slightly less accurate, will guarantee syn- 
chronism over long periods. If such 
clock supply networks exist, they are 
used to supply the text and data net- 
work. Suitable interfaces are provided. 


If there is no nationwide reference fre- 
quency supply or if the data network is 
to be operated independently, data net- 
work clocks must be provided. The NTV 
network clock [5] developed by Siemens 
offers extreme accuracy at relatively low 
cost. It is, of course, of redundant de- 
sign, in order to meet the very stringent 
requirements with regard to failsafe op- 
eration, and offers interfaces to telecom- 
munication equipment and data network 
modules. The network clock can be 
operated in either the master or slave 
mode. 


Network management 
and monitoring 


For users, data transmission is often of 
vital importance — some sectors of the 
economy (such as airlines, banks, pro- 
cess systems) would not be able to func- 
tion if their data links were inoperative. 
Careful monitoring and, where neces- 
Sary, rapid protection switching and 
repairs are therefore crucial. 


Siemens has developed a network man- 
agement system, the DNS data network 
signaling system [6] for this purpose. It 
enables relatively large network sectors 
right down to the user network termi- 
nation to be controlled and monitored 
from one or more central locations. 
Faults are signaled and documented as 
soon as they occur; even transient events 
are individually recorded. The hierarchi- 
cal structure of the system is tailored to 
the specific requirements of the PTTs, 
and even the outlay can be varied 
according to the network size and the 
customer requirements. Such a com- 
prehensive network management system 
requires all the network modules to have 
suitable monitoring facilities and control 
access to allow communication to take 
place with the DNS centers. For this 
reason, the data network signaling sys- 
tem is one of the coordinated group of 
building blocks required to realize ex- 
tensive data networks. The DNS center 
can be integrated on either a regional or 
central basis in the switching centers of a 
text and data network, resulting in uni- 
form network management and moni- 
toring of all equipment including the 
switching centers themselves. 


Traffic volumes 
and network loadings 


Any appraisal of this subject must per- 
force be based on specific networks and 
countries. However, despite being influ- 
enced by tariff policies, national regula- 
tions, the economic structure and geog- 
raphical location, user requirements 
show marked similarities throughout the 
world. 


Investigations in numerous countries 
have shown that, as a guideline, the 
demand for the various text and data 
services is as indicated in Table 2. The 
categories can be defined as follows: 


The dedicated data circuits include all 
types of fixed paths, including multi- 
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Percen- 
tage of 
users 


Average 
data rate 


Assumed Relative Percen- 
holding traffic tage 
time volume traffic 
(b) (a:d-b=v) | volume 


Dedicated data circuits 4.8 kbit/s 91.2% 


(a) (d) 


Switched data circuits 4.5% 


Table 2 Traffic volumes and network loadings for different user groups 


point connections, which are available 
to the user on a permanent and exclusive 
basis. The normal data transmission 
rates range from 1.2 to 9.6 kbit/s. 


The switched data circuits include users 
from the switched telephone network 
operating via modems and users of cir- 
cuit-switched and packet-switched ser- 
vices in data networks. The switched 
telephone network is mainly used, 
because the subscribers there frequently 
have only small volumes of data to send. 
Furthermore, this network offers only 
limited transmission quality, and for this 
reason analog telephone channels are 
seldom used for transmission rates 
higher than 2.4 kbit/s. A small propor- 
tion of users employ special circuit 
switching and packet switching networks 
in which the bit rates are generally 
higher than in the switched telephone 
network. 
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Teletex at present has only a few users, 
but a high growth rate. The actual hold- 
ing times are small because at 2.4 kbit/s 
relatively large volumes of text can be 
transmitted quickly. 


Telex on the other hand has a great 
many users, but at 50 bauds the resulting 
volume of traffic is small. 


Videotex, a very new service, has only a 
few users at present; traffic trends are 
still not clear. 


In order to assess a network configura- 
tion, it is important to know the extent 
to which the various services actually use 
the connecting paths. The concept of 
“relative traffic volume” has been intro- 
duced in Table 2 for this purpose. It is 
intended to indicate which users are the 
sources of the bit streams to be transmit- 
ted. Although the results cannot be ap- 
plied to all countries without revision, it 
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is clear that dedicated circuits contribute 
the main traffic load. In designing data 
networks which are to be used for all 
types of digital service, it is therefore 
very important to include the dedicated 
circuits in the digital network. They pro- 
vide for rapid and economical use of the 
connections and enable the lowest-level 
data network nodes to be placed out at 
the network periphery as close as possi- 
ble to the user, so that user line circuit 
costs remain low. Once this basis has 
been established, further services, such 
as teletex, packet switching, value-added 
services etc., can then be added at low 
cost. 


Further developments 


There is no doubt that “digital” trans- 
mission and “digital” switching will take 
over from the present analog systems. In 
parallel with that, the integrated services 
digital network (ISDN) will be devel- 
oped and will offer 64-kbit/s connecting 
paths for all types of communication. 
The transmission network for text and 
data described in this article is also 
based on the use of 64-kbit/s paths and 
can therefore be easily incorporated in 
the structure of a future ISDN. It is dif- 
ficult to assess to what extent users will 
abandon their current favorites, the 
dedicated circuits; tariffs and the com- 
munication policies of the PTTs will 
have a considerable bearing on desci- 
sions. Other considerations, however, in 
the case of large private data networks 
include a desire for “independence” and 
the “cumbersome process” of adapting 
data processing systems to a new envi- 
ronment. 
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Versatile TDM System 
for Textand Data Transmission 


The ZD-A3/2 time-division multiplex 
(TDM) system is a modular stored-pro- 
gram controlled equipment for text and 
data transmission, meeting all the hard- 
ware and software requirements of mod- 
ern data transmission networks, both 
public and private. It can be used for 
multiplexing structured, unstructured, 
synchronous or asynchronous text and 
data signals in existing or future dedi- 
cated or switched networks (such as cir- 
cuit-switched or packet-switched data 
networks). It can interwork with all 
the data network building blocks (line 
interfacing, transmission and switching 
equipment) conforming to the relevant 
CCITT recommendations. 
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Characteristics 


The ZD-A3/2 is able to interwork with 
any data network building block because 
it incorporates the interface modules 
required for the individual and multiplex 
channels. Interface modules with inte- 
grated transmission or line interfacing 
systems open up further applications, 
e.g. in private networks. 


A fully equipped ZD-A3/2 TDM system 
can handle up to 80 individual channels 
conveying text and data in the conven- 
tional speed categories to a network 
node — either directly or indirectly via 
lower-order TDM systems — for onward 
transmission to other network nodes in 
four independent 64-kbit/s multiplex 
streams. 


As the design and additional features of 
the ZD-A3/2 TDM system have been 
described in earlier articles [1, 2], the 
main purpose of this article is to provide 
an overview of the possible applications 
of the system. 


Applications and variants 


Fig. 1 shows the many and varied appli- 
cations of the ZD-A3/2 TDM system. 


Multiplex frame structure 


The ZD-A3/2 system provides all the 
standard CCITT-recommended multi- 
plex frame structures for international 
interworking (X.50, X.51 and X.56) 
[3 to 5]. Other structures are possible: 
for example, multiplex frame structures 
with capacities of 9.6 and 14.4 kbit/s 
have been programmed for custom 
applications. As the system offers four 
independent multiplex streams on the 
multiplex channel side, it is easy to con- 
vert from the (8+2) envelope format to 
the (6+2) envelope format and thus 
adapt to the various multiplex frame 


structures used by different countries for 
international text and data traffic. The 
multiplex frame specified in CCITT 
Recommendation X.51 can be con- 
verted to that defined in X.56 for 
satellite links in the same way. 


Automatic alternate routing 


On the multiplex channel side the sys- 
tem operates over local cables: the 
analog FDM network or the digital PCM 
networks. Multiplex adapter MAP-4 is 
therefore so designed that the following 
pluggable modules can be inserted to 
provide four different interfaces for the 
four possible multiplex streams: 


e module for PCM 30D (64 kbit/s), 


e module for PCM 30 (G.703, 64 kbit/s, 
codirectional), 


e module for V and X interfaces 
(9.6, 14.4, 56 and 64 kbit/s) and 


e module for baseband transmission 
(UEB 64). 


In the case of automatic alternate rout- 
ing, the fact that these modules can be 
used in any combination increases the 
availability of a network node imple- 
mented using the ZD-A3/2 TDM system 
if, for example, one of the four multi- 
plex channels is available as an alterna- 
tive route. 


Flexible assignment 
of time slots and channel circuits 


On the individual-channel side the sys- 
tem operates via local cables or directly 
with the terminals or exchange-side 
equipment (the switching center in 
switched networks or the distributor in 
dedicated networks). The various chan- 
nel circuit boards provide any combina- 
tion of the required interfaces or trans- 
mission methods in the standard speed 
categories up to 19.2 kbit/s: 
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Single-channel side | a. ae ae Multiplex-channel side 
| 


Hardware 


Interface Circuit board 


0/5 V; V.28 


V.24/V.28; X.21 

with three auxiliary 
channels, asynchronous 
for Videotex 


Two-wire baseband 
transmission 


Voice frequency 
transmission 
V.21 


Voice frequency 
transmission 


ED 1000 
si 9.6 kbit/s (non-CCITT) 
C21 _ 
CED Channel circuit boards 
CRE Channel processor 


Channel-section side 


Software 


Central-section side 


Multiplex frame 


 @ Envelope-structured ee ee 
| @ Unstructured @ X51/X.50 
@ X.51/X.56 


OW lenspacn = 


~ @ Videotex - 
| | gencentator: 


Oa 


Bit rates 


a= : 
: [| Control and 
: ——————— service unit CSU 


CUB et 
CVX ! Channel circuit boards 
MAP Multiplex adapter 


Fig. 1 Features and possible applications of the ZD-A3/2 TDM system 


e CPE with 0/5 V interface, primarily 
for the exchange side, 


e CVX providing V.24/V.28 or X.21 
interfaces, with three auxiliary channels 
for directly connecting terminals or 
modems, 


e@ CUB with two-wire baseband trans- 
mission system UEB 12-06E for con- 
necting subscribers via local cable, 


e C21 and CED providing voice- 
frequency transmission per V.21 or 
ED1000 for connecting low-speed 
subscriber equipment (<300 baud). 


The relevant operating parameters for 
the individual channels (e.g. synchron- 
ous, asynchronous, subscriber speed 
category) for the multiplex frame struc- 
ture are stored in memories. Using the 
control and service unit (CSU), the indi- 
vidual channels can be activated and 
flexibly assigned to any desired time slot 


of the multiplex channels. This flexibil- 
ity in assigning and redistributing data at 
the individual channel level ensures that 
subscriber call requests can be readily 
catered for. However, subscriber data 
can also be cross-connected within the 
four multiplex streams, which is useful if 
single channels have to be dropped in or 
dropped out of the multiplex stream, 
with the other channels transmitted 
onwards. 


Multipoint operation (synchronous nodes) 


As this mode of operation is particularly 
cost-effective for teleprocessing, it is 
often used in reservation networks for 
connecting a number of terminals to a 
central processor. The individual termi- 
nals are polled by the central processor 
via a connecting line, with no restriction 
on the distance between the central pro- 
cessor and the terminals. The ZD-A3/2 
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| 9.6/14.4/56/64 kbit/s 


Hardware 


Interfaces 
(any combination) 


Circuit board 


for PCM 30D 


for PCM 30 
(G.703) 


V.11 (X.27) 
V.35 
V.24/V.28 


with UEB 64 
(baseband) 


PCM Pulse code modulation 
RCS Remote control system 
ZEN Traffic recording board 


system, which is programmed as a 
synchronous node, distributes the pol- 
ling call containing a terminal number to 
all the connected terminals; each termi- 
nal then compares the terminal number 
in the call with its own number and, if 
the two tally, accepts or processes the 
call. If a terminal thus activated now 
wishes to communicate with the central 
processor, it issues a request signal 
which is detected by the ZD-A3/2 TDM 
system and the terminal is through-con- 
nected to the central processor. There is 
now no possibility of the other terminals 
disturbing data transmission. 


Line concentrator 
for interactive videotex 


In the Federal Republic of Germany, 
the videotex service (known as 
Bildschirmtext) is integrated at the local 
level of the switched telephone network. 
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Fig.2 Front and rear views of the desktop version of the ZD-A3/2 TDM system 


At the long-distance level, the Deutsche 
Bundespost uses ZD-A3 systems to 
route the multiplexed videotex data via 
the integrated text and data network 
(IDN) to the videotex computers. In this 
process, the CVX channel module con- 
verts the asynchronous start/stop signals 
and the additional control signals of the 
videotex modem into envelope-struc- 
tured data signals and vice versa. 


The ZD-A3 multiplexer can also be used 
as a line concentrator, with any number 
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(N) of subscriber lines being assigned to 
any number (M) of videotex computer 
ports. The function of the multiplexer in 
this case is to set up a connection path 
for the videotex subscribers accessing 
the videotex center and to maintain this 
connection for the duration of the call. 


The processor in the multiplexer uses 
interface signal M1 as its request crite- 
rion and then searches for a free com- 
puter port, i.e. reserves a vacant time 
slot in the multiplex stream and estab- 


lishes the connection between the indi- 
vidual channel input and the time slot. If 
the computer ports are already in use, 
the multiplexer notifies the videotex 
modem via interface signal S1.2. The 
software in the ZD-A3 multiplexer 
allows N and M to be freely selected so 
that the concentration ratio can be 
changed as required. 


Use of padding time slots 
for teletex subscribers 


Of the 4 kbit/s of padding bits not used 
for signal transmission in the 64-kbit/s 
multiplex stream, 1.2 kbit/s are provided 
for national purposes and 1.2 kbit/s for 
international purposes (housekeeping) 
in accordance with Recommendation 
> iF 


With the aid of special software, these 
padding time slots can be applied to the 
individual channel circuits to form asyn- 
chronous code-frame-associated chan- 
nels for 50 and 100 bit/s. If these chan- 
nels are used in switched telex networks, 
care must be taken to ensure correct sig- 
naling. If all 2.4 kbit/s are used for this 
purpose, the program provided will give 


e 24x 50 bit/s channels and 
e 12x 100 bit/s channels. 


Since the number of mounting positions 
for individual channels is limited to 80, 
this variant is only of interest if the 
number of synchronous subscribers for 
each 64-kbit/s multiplex stream is con- 
siderably less than 20 or the synchronous 
subscribers belong to the higher speed 
categories (4.8 or 9.6 kbit/s). 


Functional expansion 
of hardware and software 
features 


As the architecture of the ZD-A3/2 1s 
modular, there is no problem in expand- 
ing system capacity and features. New 
modules have been developed for the 
subscriber line area and central section, 
thus generating new variants and giving 
enhanced performance. 


At the same time, the design has been 
tailored to the latest requirements in 
terms of line interfacing systems and 
installation on the subscriber’s premises 
(Fig. 2). Cabling is plugged into the back 
of the equipment via a terminal panel 
using 25- or 15-pin Cannon connectors. 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


Text and Data Transmission 


Transmission 
rate 


Line length for 
wire diameter 


3 kbit/s 

6 kbit/s 25 km 
12 kbit/s 18 km 
24 kbit/s 


Table 1 Range of the new two-wire baseband 
transmission system as a function of bit rate and 
wire diameter 


Transmission 
rate 


Line length for 
wire diameter 


64 kbit/s 


Table 2 Range of four-wire baseband trans- Fig.3 Multiplex adapter MAP-4 with interface modules 
mission system as a function of wire diameter 


Channel modules 


CPE-1I channel processor 


By using the latest technology and con- 
sistently applying time-oriented sequen- 


Videotex 

tial control, it has been possible to dou- Z modems Bae _— 

ble the processing capacity of the old Tamt and 
CPI-1 version, i.e. 16 channels operating data \ve_] LSN A es 

at up to 19.2 kbit/s or 32 channels = 

operating at up to 9.6 kbit/s can now be Rcs 
handled. In addition, the number of pos- EDS-A nie 
sible programs for channel data process- a 
ing has increased by a factor of four. 
Four additional channel circuit boards DTE 
can be connected in any combination to X.21 ° 
the CPI-1 channel processor. V.24 


CUB 
V.24 


CUB-2 channel circuit board 


The CUB-2 board was developed to Videotex 
allow direct connection of four subscrib- aie 


RCS 


ers via two-wire lines operating at up to / SN | RCS 
19.2 kbit/s and an additional four inter- cup Pv2 
faces with EDS-A levels [6]. Test loops a g : 


and test jacks are provided for testing 

and measurement purposes. Table 1 

shows the transmission range as a func- Tele- RCS —_Videotex 
tion of bit rate and wire diameter. = oo 


CV X-I channel circuit board 


The CVX-1 board is used for connecting 
data terminals directly to the ZD-A3/2 
multiplex system via the V.24 or X.21 


tent ie fork t al b Vtx Videotex EDS-A 0/5 V interface 
interfaces. Up . Our terminals Can De = cup Channel circuit board RCS Remote control system 
connected, and in the case of the V.24 DCE Data circuit terminating equipment SN Synchronous node 


interface it is pessible to handle three P= > x? eminiequnem 
auxiliary signals in the transmit direction Fig. 4 Structure of a data network incorporating ZD-A3/2 equipment 
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and three in the receive direction in 
addition to the data and clock lines. As 
these auxiliary lines are microprocessor- 
controlled, their significance must be 
defined in the software. 


The CVX-1 is designed for connecting 
synchronous terminals operating at up 
to 19.2 kbit/s. LEDs on the front panel 
are used to display the auxiliary signals. 
For test purposes a test loop can be 
inserted on the terminal side. 


The CVX-1 is also capable of processing 
asynchronous data at up to 0.6 kbit/s 
using the transmission principle defined 
in CCITT Recommendation V.22. A 
special transmission mode is also avail- 
able for videotex applications. 


The interfaces can be changed from 
V.28 to V.11 by simply exchanging a 
module. 


C21 and CED channel circuit boards 


Asynchronous — subscriber — terminals 
operating at low baud rates are con- 
nected via two other types of board, 
the C21 and the CED, which contain 
the required modulation circuits. 


The interfaces are so designed that the 
boards can be interchangeably arranged 
in the mounting rack or even mixed with 
other boards. 


Central section modules 


The central section has been redesigned 
and equipped with some major new fea- 
tures, although care has been taken to 
ensure compatibility with the previous 
design. 
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MTC-2 multiplex clock control module 


This module contains a phase-locked 
loop (PLL) with a memory which 
ensures long-term timing accuracy 
within the system even if the reference 
frequency is lost for a relatively long 
time. An added advantage is the high 
degree of flexibility in selecting a refer- 
ence timing signal. 


MCU-2 multiplex control unit 


Due to the increased size of the program 
memory, this unit enables the number of 
variants to be reduced. It also allows 
configurations to be predefined and acti- 
vated with a command from the control 
and service unit (CSU) — this is known as 
“back up.” 


MPS-2 multiplex processor 
synchronization module 


This module enables up to four multi- 
plex routes to be served and also allows 
a selection to be made from eight 
different predefined frame structures. 
A central spilling memory allows for 
plesiochronous operation, with a capac- 
ity selectable between +4 bits and 
+ 400 bits. 


MAP-4 multiplex adapter 


The MAP-4 is designed for direct trans- 
mission of multiplex signals at 64 kbit/s 
via balanced pairs. It provides an 
economical means of incorporating the 
ZD-A3/2 system in the short-haul net- 
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work, particularly for installation on the 
subscriber’s premises or where small 
peripheral nodes are to be connected to 
the network. The MAP-4 incorporates a 
four-wire baseband transmission system 
which, at 64 kbit/s, can span the dis- 
tances specified in Table 2 as a function 
of the wire diameter. 


Instead of the UEB 64, which is inserted 
as a module, it is possible to use 
other interfaces (PCM G.703, 64 kbit/s, 
codirectional; V.28; V.11) also in the 
form of modules. Combinations of dif- 
ferent interfaces are therefore possible 
on the MAP-4, which facilitate opera- 
tion particularly for alternate routing 
(Fig. 3). 


Programming and control 
of the ZD-A3/2 TDM system 


In addition to system control by the 
CSU unit, ZD-A3/2 systems in a net- 
work can also be programmed and mon- 
itored from a central location using a 
remote control network (RCS) which 
can reserve transmission channels in the 
ZD-A3/2 system. At the control center, 
a personal computer is used to record 
and display the data and the status of the 
individual ZD-A3/2 systems. In this 
way, it is possible to set up a data net- 
work management facility based on ZD- 
A3/2 systems without excessive expense. 


Structure of a data network 
incorporating ZD-A3/2 equipment 


Fig. 4 shows the possible applications of 
ZD-A3/2 multiplex systems in a modern 
integrated services data network. 


[5] CCITT Red Book, Vol. VIII. 4, Rec. X.56: 
Interface between synchronous 
data networks using 8+2 envelope 
structure and SCPC satellite channels. 
Geneva: International Telecommunication 
Union 1985 

[6] Haass, A.: Baseband Transmission Unit 
UEB 12-02 for Two-Wire Circuits. 
telcom report 3 (1980), No. 2, pp. 112 to 116 
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Herbert Finck 


Text and Data Transmission 


/DM Concentrator Featuring 
[ratfic-Controlled Time Slot Allocation 


Text and data networks often have only 
one switching level with central data 
switching exchanges. The extensive sec- 
tor between the users and the switching 
exchanges accounts for a high propor- 
tion of the costs of these networks. With 
the aid of concentrating time-division 
multiplex (TDM) transmission systems, 
it is possible to reduce the outlay for 
user line circuits and the number of ter- 
minating equipments at the data switch- 
ing exchanges. This article describes a 
particularly economical solution: the 
ZD-D TDM concentrator system with 
traffic-controlled time slot allocation. 
On multiplex links it dispenses with the 
customary division of the information 
stream into subgroups for the various 
signaling rates, thereby ensuring that 
link utilization is high. 


Operating principle 


The ZD-D TDM concentrator system 
consists of the ZD-DE single-channel 
multiplexer at the terminal end and the 
ZD-DK _concentrator-channel multi- 
plexer at the data switching exchange 
end. The two multiplexers are intercon- 
nected via multiplex links (Fig. 1). 


Unlike TDM transmission systems with 
fixed allocation of the time slots, the 
ZD-D system allocates time slots on the 
mutliplex links only to those terminals 
which are transmitting or receiving data. 
Since only a few terminals are ever 
active at any one time, considerably 
more terminals can be connected than to 
systems with static time slot allocation. 
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Instead of the fixed division of time slots 
into subgroups for the various signaling 
rates, which is customary with concen- 
trators, the ZD-D system adapts the 
division to the current configuration of 
simultaneously active terminals. Instead 
of narrow subgroups, the full group is 
always available for the various signaling 
rates, so that the transmission capacity 
of the multiplex links can be optimally 
utilized. 


The time slots are allocated before data 
transmission commences in response to 
a call sent by the terminal. When a 
single-channel multiplexer at the chan- 
nel input detects the call signal, it allo- 
cates a number of time slots to this chan- 
nel commensurate with the signaling 
rate and sends the address of the calling 
channel and a seizure request to the con- 
centrator-channel multiplexer in these 
time slots. This multiplexer then allo- 
cates time slots to the channel in the 


X.21 and X.21 bis 
interfaces 


Up to 
128 single channels 


Transmission unit with baseband or 
modem transmission (UEB 12-04, UVEB 
12-05, UEM 3-02) 

Transmission unit for multiplex links 
Version 1: with baseband or modem 
transmission (UEB 64, UEM 64, 
UEM 144) or PCM system. 

Version 2: with modem transmission 
(MRG 9600R) 

Data circuit terminating equipment 
(DFG 9600 UE-2, DFG 9600 UE-2E, 
DFG 9600 UE-1, DAG 9600 UE-03) 


DCE 


reverse direction and sends a seizure 
acknowledgement to the single-channel 
multiplexer. 


The seizure acknowledgement causes 
the single-channel multiplexer to stop 
sending the channel address and the se1- 
zure request in the time slots, and 
instead enter the signals arriving from 
the terminal (at this point the call sig- 
nal). On receipt of the call signal, 
the concentrator-channel multiplexer 
searches for a free concentrator channel 
and then calls the switching exchange, 
which responds to the call with the pro- 
ceed-to-select signal. 


The proceed-to-select signal is a signal 
to the concentrator-channel multiplexer 
to send the identification number of the 
calling terminal to the switching 
exchange. It then forwards the signals 
from the terminal to the switching 
exchange and, instead of the seizure 


Multiplex link 


Up to 


48 concentrator 
channels 
e.g. 
to ZD-A2 
or ZD-A3 
DSE Data switching exchange 
(Siemens EDS system, Siemens EDX 
system) 
Te Terminal equipment 
ZD-A2(A3) Time-division multiplex systems 
for synchronous data transmission 
ZD-DE Single-channel multiplexer 
ZD-DK Concentrator-channel multiplexer 


Fig.1 Typical applications for the dynamic ZD-D TDM concentrator system 
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Fig.2 Single-channel multiplexer ZD-DE (left) and concentrator-channel multiplexer ZD-DK (right) 


acknowledgement, sends the signals 
from the switching exchange to the 
single-channel multiplexer, which in 
turn sends these signals to the terminal. 


This then concludes the internal connec- 
tion setup process between the single- 
channel multiplexer and the concen- 
trator-channel multiplexer. From this 
moment on, the concentrator system is 
fully transparent and thus independent 
of the dialing procedures used between 
the terminals and the switching ex- 
changes, and independent of the data 
communication procedures employed 
between the terminals. 


When a clear request signal is sent by 
the terminal at the end of data transmis- 
sion, the single-channel multiplexer 
sends the address of the releasing chan- 
nel and a clear request to the concen- 
trator-channel multiplexer. This multi- 
plexer responds with a clear confirma- 
tion signal which has the effect of releas- 
ing the allocated time slots at the single- 
channel multiplexer. The terminal and 
the concentrator-channel multiplexer 
then receive the ready signal. On receipt 
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of the ready signal following a clear 
request, the concentrator-channel multi- 
plexer also releases the allocated time 
slots. 


In the case of calls emanating from the 
switching exchange, the exchange sends 
the number of the wanted terminal to 
the concentrator-channel multiplexer 
via the concentrator channel that it has 
selected. The concentrator-channel mul- 
tiplexer and the single-channel multi- 
plexer exchange roles in this case: the 
seizure request now comes from the con- 
centrator-channel multiplexer and the 
seizure acknowledgement is sent by the 
single-channel multiplexer. This role 
reversal also takes place for clear indica- 
tion signals from the switching ex- 
change. 


If a multiplex links fails, the terminals 
and the line circuits of the switching 
exchange to which time slots on this link 
have been allocated receive the clear sig- 
nal and then the ready signal. The termi- 
nals affected can then make fresh calls, 
for which time slots on an intact multi- 
plex link will be used. 
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Areas of application 


The ZD-D system is used at the lower 
level of synchronous text and data net- 
works operating with CCITT X.21 and 
X.21bis interfaces and with (8+2) 
envelopes. It is equipped for the connec- 
tion of both switched and dedicated 
lines. Two versions are tailored to the 
signaling rates on the multiplex links: 
the first is used for links operating at 
a rate of 64 kbit/s and the second for 
9.6-kbit/s links. Whereas in version 1 
the ZD-DE single-channel multiplexer 
can handle up to 128 access lines for 1.5, 
3,6 or 12 kbit/s, version 2 offers a max- 
imum of 128 connections at rates of 
0.75, 1.5 or 3 kbit/s. The actual num- 
ber of connections, however, depends 
on the traffic intensity and the signaling 
rates of the subscriber access lines. 


In version 1 up to 48 trunks capable of 
handling the quoted signaling rates can 
be connected to the ZD-DK concen- 
trator-channel multiplexer; the same 
number of trunks for the corresponding 
rates can be connected in version 2. The 
number of connections required in prac- 
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tice again depends on the traffic inten- 
sity and on the signaling rates of the sub- 
scriber access lines. 


Version 1 of the ZD-DE single-channel 
multiplexer and the ZD-DK concen- 
trator-channel multiplexer both operate 
on the multiplex side with transmission 
units UEM 64 or UEM 144 or with the 
UEB 64 units accommodated in line 
transmission inset LUE-3, or with a 
PCM system. For version 2, MGE 
9600R transmission units are required. 
In both versions, the single-channel and 
concentrator-channel multiplexers can 
be directly interconnected without trans- 
mission equipment. | 


On the channel side the single-channel 
multiplexer is connected to the transmis- 
sion units, UEB 12-04, UEB 12-05 or 
UEM 3-02, accommodated in line trans- 
mission inset LUE-3. In addition, a spe- 
cial version of the single-channel multi- 
plexer with integral UEB 12-06E trans- 
mission units is available. Line transmis- 
sion inset LUE-3 is then not required. 
The concentrator-channel multiplexer 
operates on the channel side directly 
with the Siemens EDS system or 
Siemens EDX system. 


Mechanical design 


The units are based on standard design 
494G, which conforms to both DIN 
standards (DIN 41494) and IEC recom- 
mendations (No. 297). PC boards in 
double Eurocard format (233.35 mm x 
160 mm) per DIN 41494 Part 2, as well 
as 48- and 80-contact connectors per 
DIN 41612 Type C with inverted cou- 
pling principle (female connector on pcb) 
are employed. The front panels of the 
modules have dual-purpose extraction 
and securing handles; the power supply 
module, also of plug-in design, is 
mounted in the subrack with the aid of 
four retaining screws. 


The modules of the ZD-DE single-chan- 
nel multiplexer without integral UEB 
12-06E transmission units and those of 
the ZD-DK concentrator-channel multi- 
plexer are housed in separate four-row 
subracks (per DIN 41491 Parts 1 and 5) 
(Fig. 2). For a configuration of up to 64 
channels, the single-channel multiplexer 
with integral UEB 12-06E transmission 
equipment occupies two two-row sub- 
racks. For a maximum of 128 channels, 
an additional two-row. subrack is 
required. 
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LUE ZD-DE ZD-DK 
TL2, TL2T TL3 TLID 
1 
DCE |--- 5 Multiplex 
User 7 link 1 
a Multiplex | 
g link 2 
ZD-A2 ZD-A2 (up to 128) 
ZD-A3 ZD-A3 
ae | nontagalie ss | aa aa 
1ESG1000 ESG1000} 1ESG1000} {ESG10001 
te ! i 1 Service units 2 | hoF 
SGX21 | i ae | 
isoxa jf SGX jsoxar_ } [sox | 
CSU Control and supervision unit SSG Signaling control unit 
DCE Data circuit terminating equipment TE Terminal equipment 
DIA Dialog module TL Test loop 
ESG 1000, Game oii TU Transmission unit 
SGX21 | ZD-A2(A3) — Time-division multiplex system 
LUE Line transmission inset for synchronous data transmission 
Printer e.g. PT'88 ZD-DE Single-channel multiplexer 
PSG Test-loop control unit ZD-DK Concentrator-channel multiplexer 


Fig.3 Test and control units in the ZD-D TDM concentrator system 


The incoming and outgoing lines are 
connected via 64-contact cable connec- 
tors, which are inserted and locked from 
the front in the same way as modules. 
Backplane “multilayers” incorporating 
blade-contact strips are used for wiring 
the subracks. The subracks are mounted 
either in 600 mm racks (style 1000), in 
19 inch racks (DIN 41494) or in cabi- 
nets (DIN 41488), in each case from the 
front with the aid of retaining straps. 


Test and control units 
Test-loop control unit 


Network faults can be localized from the 
concentrator multiplexer with the aid of 
the PSG-D test-loop control unit. For 
this purpose, the network is divided into 
individual sections by means of test 
loops and each section is then tested. 
The transmission quality of a section is 
tested by counting bit and envelope 
errors. The following tests loops can be 
established (Fig. 3): 

e PS 1D inthe ZD-DE single-channel 
multiplexer; 

e PS3 inthe UE transmission units 
accommodated in the LUE line trans- 
mission inset (requires a decoder in the 
LUE) or in the UEB 12-06E integrated 
in the ZD-DE; 

e@ PS 2 and PS 2T in the data circuit 
terminating equipment (DCE); 
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e PS 1inthe ZD-A2 and ZD-A3 TDM 
systems. 

In addition, random test codes can be 
transmitted by the ESG1000 and 
SGX 21 service units for test purposes. 
The PSG-D test-loop control unit is con- 
nected to the test and control unit inter- 
face of the concentrator-channel multi- 
plexer. It passes to the multiplexer the 
control envelopes defined for the par- 
ticular loop, the address of the desired 
single channel and an activation com- 
mand, and defines which of the two mul- 
tiplex links is to be used for transmitting 
the envelopes. The concentrator-chan- 
nel multiplexer then establishes a con- 
nection on the desired link in the usual 
way, sends the envelopes offered by the 
PSG-D and passes the envelopes 
received from the opposite direction 
back to the PSG-D. The connection is 
released as soon as the activation com- 
mand is cancelled. 


Signaling control unit 


With the aid of the SSG-D signaling 
control unit (which can be connected to 
the channel modules of the multiplexer) 
it is possible to check the setup and 
cleardown of connections step-by-step 
(Fig. 3). It can be used to generate all 
the control signaling envelopes which 
the data circuit terminating equipment 
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or the switching exchange transmits in 
networks employing the ZD-D TDM 
concentrator system. By keying in the 
envelope sequences specified in the con- 
trol signaling procedure, it is possible to 
simulate free-line conditions, calls from 
users, calls from the switching exchange 
and the release of connections. 


It is also possible to control the test 
loops from the channel side of the con- 
centrator-channel multiplexer. To this 
end, a call from the switching exchange 
to the desired single channel is simulated 
and, once the connection has been set 
up, transmission of control envelopes 
for the test loop concerned is activated 
by pressing the relevant key. As in the 
case of the PSG-D test-loop control 
unit, service units ESG1000 or SGX21 
can be connected to the SSG-D signaling 
control unit. Once the call has been 
simulated and the connection set up, 
these units can be used to send any 
required test codes. 


Dialog module 


With the aid of the DIA dialog module, 
it is possible to record continuous traffic 
statuses over long periods in the ZD-D 
concentrator system, to output the 
operating parameters of the single and 
concentrator channels (e.g. signaling 
rate) and display the control signaling 
statuses of individual connections. Fur- 
thermore, for test and measurement 
purposes, temporary dedicated connec- 
tions can be set up, the current assign- 
ment of single channels to concentrator 
channels can be checked and, for outgo- 
ing calls, the concentrator channel to be 
assigned to a particular user can be 
specified. 

In order to operate the DIA module, the 
CSU control and supervision unit is 
connected to the front panel. With this 
keyboard, commands can be entered 
via masks. The results appear on the 
40-character CSU display. If the volume 
of data is large, the results can be output 
to a printer. The traffic statuses are 
printed out as bar charts with respect to 
time. These give an indication of the 
load on the multiplex link and also show 
whether there are too many or too few 
concentrator channels to the switching 
exchange. The operating parameters of 
the single and concentrator channels can 
also be printed out. In addition to the 
signaling rate, the output shows the 
dedicated connections. 
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Reiner Gieck and Helmut Harbrink 


Data Network lermina- 
tions for Switched and 
Deaicated Circuits with 
baseband lransmission 


PTTs in various countries are incor- 
porating special data networks in their 
long-established telecommunication net- 
works [1]. In the hierarchical structure 
of these networks, the lowest level is 
formed by the circuit between a 
peripheral network node and the data 
communication equipment of the indi- 
vidual user. This data communication 
equipment consists of a data network 
termination section and a transmission 
section and, together with the line cir- 
cuit to the network node, will be refer- 
red to in this article as the “network ter- 
mination equipment.” 


Functions of the network 
termination equipment 


The task of matching the data terminal 
equipment to the data network is per- 
formed by the data communication 
equipment. Besides the actual transmis- 
sion of data, this equipment has the 
additional task of adapting the signaling 
and control criteria of the terminal 
equipment to those of the data network. 


Fig. 1 shows schematically a user access 
circuit. Since this arrangement is re- 
quired for each user access and thus in 
large quantities, the access facilities con- 
stitute a considerable proportion of the 
total expenditure on a data network. 
From the many applications, the follow- 
ing have been selected as examples of 
access facilities for data users: 
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e booking and reservation networks of 
travel agencies with the necessary video 
terminals and printers in the individual 
travel offices, 


e handling ordering and accounting 
data traffic between branch offices and 
their headquarters, 


e centralized account holding for the 
individual customers of bank branch 
offices. 


Working at the international level, the 
CCITT has drawn up specific recom- 
mendations for the connection of data 
terminal equipment adapted to the par- 
ticular application to a network which is 
common to all users. These specify, for 
instance, the electrical characteristics of 
the interfaces to the data terminal equip- 
ment, describe the operating procedures 
for data terminals and define dialing and 
service signals for setting up and clearing 
connections. Strict adherence to these 
recommendations is the only guarantee 
that data exchange between individual 
users at both national and transnational 
levels will be troublefree. 


Data network terminations 


A variety of data communication equip- 
ments (the actual data network termina- 
tions) is available to suit the data termi- 
nal equipment being used and the 
specific application. 


Whereas the DAG9600UE-04 data net- 
work termination is designed exclusively 
for connecting data terminal equipment 
to dedicated circuits (CCITT V.24/ 
X.21bis), the DNG9600-11 unit (Fig. 2) 
can also be used for switched circuits 
(CCITT X.21/X.21bis). Both units can 
be operated at all the conventional 
transmission rates up to 19.2 kbit/s in 
synchronous or asynchronous mode. 
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Since only synchronous data are trans- 
ported in data networks, an asynchron- 
ous-to-synchronous converter (ASC) is 
used to enable asynchronous data termi- 
nal equipment to be connected. If neces- 
sary, the DAG9600UE-04 data network 
termination can be equipped with a 
channel divider/interface expander mod- 
ule (KSV), which enables up to four 
data terminal equipments to be con- 
nected. If the module is used as a chan- 
nel divider, an aggregate bit stream, of 
say 19.2 kbit/s, is to be split into four 
independent subchannels of 4.8 kbit/s 
each. If the module is configured as an 
interface expander, the connected ter- 
minal equipments operate in the polling 
mode at a maximum transmission rate of 
19 kbit/s. 


These two data network terminations 
are successors to the DAG9600UE-03 
and DFG9600UE-2 units, large num- 
bers of which have been installed [2 to 
4]. They are available either as desktop 
units or as module versions for mounting 
in module frames. The DNG unit is also 
available as a module (DNM9600-11) 
(Fig.3) for direct installation in data ter- 
minal equipments. 


For actually transmitting the data, the 
data network terminations all contain 
the transmission units described below. 
The DAG can be equipped with trans- 
mission units for two-wire or four-wire 
baseband operation or with a transmis- 
sion unit for four-wire voice-band paths; 
the DNG and DNM units, however, can 
only be operated with the plug-in ver- 
sion of the two-wire baseband transmis- 
sion unit (Fig. 4). This is a module which 
is also available for the OEM market. 


The transmission line is always operated 
in duplex mode — whether for two-wire 
or four-wire connections. This applies 
even if data terminal equipment for half- 
duplex operation is employed, as is very 
common with modems in switched tele- 
phone networks. This enables existing 
data teleprocessing equipment operating 
over the switched telephone network to 
be employed in data networks, without 
modification to the communication con- 
trol procedure. 


The complexity of large data networks 
means that special measures are neces- 
sary with a view to simplifying mainte- 
nance. Accordingly, faults in the trans- 
mission equipment must be detected and 
located immediately after they occur. To 


Subscriber 
Data | Data 
terminal communication 
equipment equipment 


DAG _ Data network termination 
DFG Data circuit-terminating equipment 


Fig.1 Schematic diagram of a user access circuit 
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Fig.2 Data network termination DNG 9600-11 


this end, bit groups are transmitted con- 
tinually between the individual network 
nodes and on the access lines, regardless 
of whether data transfer is taking place 
or not. These bit groups are formed in 
the network termination from data bits 
and additional bits and are called 
envelopes [1, 5]. 


The bit rate to be transmitted in the net- 
work increases as a result of the addi- 
tional bits; a bit rate of 9.6 kbit/s and 
(8+2) envelopes, for example, will 
result in a transmission rate of 12 kbit/s. 
The bits added at the transmitting end 
are evaluated at the receiving end to 
determine their function and are 
extracted from the data stream so that, 
in our example, the data terminal equip- 
ment receives 9.6 kbit/s. 


In addition to the possibility of control- 
ling a test loop from the network side 
(initiated by the PTT), various test loops 
can also be set up in the data network 
terminations either automatically by the 
data terminal equipment or manually. 


In local loop 2 the received data are sent 
back to the remote terminal as a means 
of checking the entire connection includ- 
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Text and Data Transmission 
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ing the data network terminations them- 
selves. 


In remotely-controlled loop 2 the data 
are “looped back” by the remote termi- 
nal so that the test can be performed 
from the transmitting terminal. 


Loop 3 is used for testing the local net- 
work termination. For this purpose the 
transmitter output is connected to the 
receiver input of the same unit. 


In all three test loops the units are 
checked using a text which is entered via 
the interface either from the data termi- 
nal equipment or from a test unit. 


In addition to this, the network termina- 
tions contain integral test equipment, 
which can be activated manually when 
required. With internal test the unit is 
tested in a way similar to test loop 3 but 
with its own test bit frame. With external 
test the test bit frame is transmitted to 
the remote terminal and, if correctly 
evaluated, is returned by the remote ter- 
minal. Correct operation is indicated in 
both cases by a pilot lamp. 


The interface between the data terminal 
equipment and the data communication 
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Fig.3 Data network termination module 
DNM 9600-11 


equipment in the DAG9600UE-04 unit 
is in accordance with CCITT Recom- 
mendation V.24/X.21bis. In __ the 
DNG9600 it additionally in conforms 
with X.21. The electrical parameters 
for the interface lines comply with 
CCITT Recommendations V.28 and 
27. 


Transmission method employed 


The nature and length of the transmis- 
sion path, together with the transmission 
rate, dictate the choice of transmission 
method. If a transmission path has a 
limited bandwidth (such as the band- 
width of a telephone channel or that of 
an FDM group), methods employing 
modulated carriers must generally be 
used [6]. FDM equipment is used, for 
instance, to cover long distances. For 
transmission paths in which the available 
frequency band is limited only by the 
increasing line attenuation at higher fre- 
quencies and _ the simultaneously 
decreasing crosstalk attenuation — in 
other words the conventional telephone 
lines in the local network — these 
methods can also be considered. 


However, methods which do not use 
modulation and demodulation and 
which therefore do not need costly fil- 
ters are more cost-effective. The signals 
of these so-called baseband transmission 
methods result from code conversion 
and subsequent pulse shaping. From the 
many possible baseband transmission 
methods, the pseudoternary method [7] 
was selected (similar to the AMI method 
[8]). The encoding for this three-stage 
method is shown in Fig.5. The “logic 
one” of the binary data signal is con- 
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Fig.4 Baseband transmission unit UEB 12-04E 
(plug-in version, two-wire design) 


verted alternately to positive and nega- 
tive pulses of half unit length syn- 
chronized to the clock; no pulse is sent 
when a “logic zero” is transmitted. 


A subsequent pulse-shaping network 
produces sin’ pulses for transmission on 
the line. The selection criteria for this 
method were: 


e compatibility with telephone trans- 
mission, 

e freedom from dc, due to the use of 
transformers to isolate lines subject to 
interference from power lines, 


e permissible interchange of wires 

(easy operation), 

e low bit error ratio over long distances, 
and 

® maximum transmission rate and range 
over loaded lines. 


The favorable properties of this method 
were confirmed in network trials in col- 
laboration with the Deutsche Bundes- 
post [9]. 


Recovery of the timing signal at the 
receiving terminal from the data pulse 
transitions is possible in this pseudoter- 
nary method only when “logic ones” are 
received. Lengthy “zero” sequences 
would result in a loss of synchronism 
between the transmitting and receiving 
terminals. To avoid this, a scrambler is 
used at the transmitting terminal to gen- 
erate a quasi-stochastic signal sequence 
and a descrambler at the receiving ter- 
minal to recover the original data. Since 
the use of a scrambler also prevents dis- 
crete spectral lines from occurring, 
higher transmit voltages can _ be 
employed than would be possible with- 
out a scrambler. 


Economic considerations 


As already mentioned, the users in a 
data network are located on _ the 
periphery. Hence a separate line is 
necessary in each case for access to the 
nearest network node. In addition, each 
user must be provided with equipment 
for signaling and transmission. It is 
therefore easy to see that the cost of user 
line circuits accounts for a large propor- 
tion of the total cost of a network. In 
telephone networks, for instance, the 
subscriber lines alone may amount to 
more than one third of the total invest- 
ment by the PTT. With a view to 
minimizing the cost of user line circuits, 
the choice of technology employed in 
user equipment is thus crucial to the 
overall cost-effectiveness of the net- 
work. 


An important criterion in the selection 
of a particular technology is the length 
of the line circuits in the network. If the 
length of line circuits is analyzed, it will 
be found that by far the majority of 
these lines can be spanned by a UEB 
baseband transmission unit without 
repeaters. For a data user with duplex 
operation this would normally mean 
having a four-wire connection. If, how- 
ever, sophisticated circuitry were to be 
employed which suppressed the interfer- 
ence from the local transmit signal, full- 
duplex operation would be possible on a 
single wire pair over almost the same 
length of line as in four-wire operation. 


If we assume that the maximum differ- 
ence between the transmit and receive 
levels is 27 dB for the range of transmis- 
sion rates envisaged, then more than 
90% of the lines in the network would 
be covered. For these maximum differ- 
ences, it would also be possible to imple- 
ment transmission equipment for full- 
duplex operation at reasonable cost on 
two-wire lines. An echo compensation 
circuit would be needed to suppress the 
interfering local transmit signal — a tech- 
nical possibility that is also being 
employed for the implementation of 
ISDN access circuits. The advantage in 
using the two-wire approach, therefore, 
lies in saving the cost of a wire pair. 


Realization 
of data network terminations 


A specially-developed CMOS device 
(DAG-LSIJ) is used for all the data net- 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


work terminations. This, together with 
the wC 8052 single-chip microcontroller 
and a few standard devices, constitutes 
the entire hardware of a unit. A special 
CMOS device (ASC-LSI) is also pro- 
vided for performing the asynchronous- 
to-synchronous conversion mentioned 
earlier. The functional diagram of a net- 
work termination is shown in Fig. 6. 


The principal functions of the unit are 
performed by the DAG-LSI and the 
microcontroller. The microcontroller is 
connected to the LSI via its address and 
data buses. 


In conjunction with its firmwire, the 
microcontroller is assigned the following 
essential tasks: 


e controlling and monitoring the entire 
data transmission process, 


e specifying the operating parameters 
appropriate to the particular applica- 
tion, 

e allowing for the various delays and 
timeout periods, 


e handling the protocols for test and 
loop control, and 


@ supporting the man/machine dialog 
for performing tests, setting up test 
loops and programming operating 
modes. 


The DAG-LSI contains the following 
main functional units: 


e anoscillator with means for producing 
the various clock pulses for the transmit 
and receive sides, 


e envelope synchronization with 
envelope processing, 


e aserial-to-parallel converter for the 
transmit data and a parallel-to-serial 
converter for the receive data, 


e acircuit for adapting the data flow to 
the bus structure of the microcontroller 
and 

e a watchdog circuit. 


The various operating modes for differ- 
ent applications (e.g. connection to a 
switched network or a dedicated net- 
work, transmission rate and synchron- 
ous or asynchronous data transmission, 
and the operating modes for the asyn- 
chronous-to-synchronous converter and 
channel divider) can be programmed by 
the user. The operating modes are 
stored in a failsafe nonvolatile memory 
device (EEPROM). This applies to all 
data network terminations with the 
exception of DNM9600-11 in which the 
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Fig.5 Conversion of a binary signal into a pseudoternary signal 
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Fig.6 Functional diagram of data network termination DNG 9600-11 


operating modes are selected by means 
of discrete switches. 


Realization of the transmission unit 


To permit connection of as many users 
as possible economically, i.e. using 
baseband equipment, two versions of 
the transmission unit were developed for 
the synchronous user classes, both for 
bit rates of 0.6 to 25.6 kbit/s (Fig.7). 


The two-wire version (UEB 12-04) is 
adequate for the most applications. 
The four-wire version (UEB 12-05) 
is intended primarily for loaded lines 
on which, with the aid of this version, 
transmission rates up to 6.4 kbit/s can 
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be achieved. It can also be used for 
longer lines than would be possible with 
UEB 12-04. 

In addition to these two versions, there 
are other four-wire baseband versions 
which transmit data at rates of 48, 64 or 
72 kbit/s. 


The basic configurations of UEB 12-04 
and UEB 12-05 are similar; the func- 
tional diagram is shown in Fig. 8. 


In the transmit section the binary trans- 
mit data are scrambled by the scrambler, 
pseudoternary encoded and, after pulse 
shaping, routed to the output amplifier. 
In the receive section the incoming sig- 
nal is fed via the input transformer to the 


lez 


Text and Data Transmission 


gain-controlled amplifier. After passing 
through an equalizer, the signals are 
then converted into binary pulses in a 
regenerator circuit and subsequently 
decoded. The original binary data se- 
quence is then available at the output 
of the descrambler. In parallel with the 
receive branch, the timing signal is 
obtained in a synchronizing circuit from 
the data pulse transitions. 

The circuits described above suffice for 
duplex operation on four-wire lines. 


Fig.7 Baseband transmission units UEB 12-04 


However, for duplex operation on two- 
wire lines the above compensation cir- 
cuit, with which the interfering echo sig- 
nal from the local transmitter is suppres- 
sed, is also required. This circuit 
is included in UEB 12-04 (Fig.8). The 
echo signal is determined during normal 
operation in a digital arithmetic unit 
and, after digital-to-analog conversion, 
is substrated from the receive signal 
(which is the sum of the signal from the 
remote terminal and the echo signal). 


In the four-wire version (UEB 12-05) 
the digital circuits, such as the scram- 
bler, descrambler, encoder, synchroniz- 
ing circuit and equalizer, are combined 
in a gate array; in the two-wire version 
(UEB 12-04) various analog circuits 
have been implemented digitally and are 
contained on a special LSI device 
together with the digital compensation 
circuit required for echo suppression. 
The UEB 12-04 and UEB 12-05 trans- 
mission units are designed so that only 
the transmission rate has to be set manu- 
ally with the aid of a switch. All other 
functions adapt automatically to the 
transmission lines being used. This 
applies in particular to the arithmetic 


(two-wire version) and UEB 12-05 (four-wire version) units which are needed for automatic 


compensation and adaptive equaliza- 
tion. In UEB 12-04E, which is used as a 
plug-in version (Fig.4) in UEB 12-04 
and which permits direct integration in 
the units, even the transmission rates 
and clock pulse variants can be set by 
means of electrical signals. 


Mechanical design 


All the units in the new range of data 
network terminations are accommo- 
dated on double Eurocards. Equipped 
with a basic configuration, these cards 
are housed either in a desktop case or, 
with a suitable front panel, in a module 
inset. The desktop case is a low-profile 
plastic enclosure which can also be used 
for wall mounting. The desktop version 
contains a built-in line-voltage power 
supply. In the DAG the power supply is 
integrated in the rear panel; in the DNG 
it is accomodated on the PC board. 


An exception to this uniform design 1s 
the DNM, which is intended exclusively 
for mounting in data terminal equip- 
ment and which is accomodated on a 
single Eurocard. 


The network terminations are equipped 
with the interfaces to the data terminal 


Two-wire version only 


7 


Fig.8 Functional diagram of UEB transmission units 
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Four-wire version only 
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equipment appropriate to the applica- 
tions mentioned at the beginning. 
Accordingly, the DAG9600UE-04 is 
equipped with a 25-contact interface 
connector, and the DNG9600 with an 
additional 15-contact interface con- 
nector. 


On the front panels of all the units there 
are LED displays for signaling interface, 
test and alarm statuses, as well as keys 
for controlling the test loops and tests. 
The DAG and DNG also have a three- 
digit display for indicating the set trans- 
mission rate and mode of operation. 


Whereas the DNG and DNM are equip- 
ped with the asynchronous-to-synchron- 
ous conversion function as standard, this 
is available for the DAG only as an 
option. The ASC-LSI required for this 
purpose is accommodated on an addi- 
tional small PC board which 1s fitted in 
the DAG if required. The channel 
divider/interface expander (KSV), men- 
tioned earlier, is also available as an 
option, but only for the DAG. 


For applications in computing centers or 
packet network nodes, in which a great 
many network terminations are concen- 
trated in one location, a suitable number 
of data network termination modules 
(DAB, DNB) are housed in a space-sav- 
ing data network termination inset 
(DNE) instead of having separate desk- 
top units (DAG, DNG) (Fig.9). The 
DNE is designed for mounting in 19” 
racks or cabinets. It can hold up to 
twelve DABs or DNBs. If a DAB is 
combined with a KSV, the KSV 
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occupies a further mounting location. 
No additional mounting location 1s 
required if the DAB or DAB/KSV is 
equipped with an ASC. 


In addition to the twelve mounting loca- 
tions for the network termination mod- 
ules, there are additional locations in the 
DNE for shared modules. Locations are 
provided for a central line-voltage or 
battery power supply and for two dis- 
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via which the long-distance lines can be 
looped as required. A further location is 
available for a module for central tim- 
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ing and alarm combining (ACT) and for 
linking the network termination mod- 
ules to the DNS network signaling sys- 
tem [10]. The ACT module, like the 
VTB module, is only installed if the 
associated functions are required. 


By using large-scale integrated custom 
components, such as LSI, gate array and 
hybrid circuits, it has been possible to 
create highly reliable units with low 
power requirements and small dimen- 
sions. They provide simple solutions to a 
great variety of applications in the field 
of teleprocessing. 
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Herbert Halamek and Franz X. Holzner 


More Efficiency 
through Computer-Aided 
Network [Vanagement 


From manual to computer-aided network management in transmission networks 


In telecommunication networks the 
complexity and loading is continually 
increasing while reconfigurations need 
to be performed in ever shorter periods 
of time. Consequently, it will only be 
possible to operate telecommunication 
networks in future efficiently and 
economically if computer-aided network 
management is used in place of existing 
manual systems. A distinction is drawn 
here between network management in 
switched networks and in transmission 
networks [1]. 


Dipl.-Ing. Herbert Halamek and 
Ing. (grad.) Franz X. Holzner, 
Siemens AG, 

Radio and Radar Systems, 
Munich 


< Computer-aided network management fulfills 
many functions, including optimum routing via 
fixed connections. Shown is a screen display of the 
routing of such a connection in the network 


In switching systems, network manage- 
ment ensures that switching equipment 
and the available transmission paths are 
used efficiently by optimizing traffic 
paths, preventing overloads and by 
avoidance and alternate routing. In 
transmission networks on the other 
hand, its primary purpose is to ensure 
that the required capacity of the trans- 
mission paths is available at all times 
with adequate signal quality. 


This article introduces the principles of 
network management in transmission 
networks, explains the various protec- 
tion switching methods and finally de- 
scribes network monitoring and control 
functions within the overall system. 


Networks 


Telecommunication in the form of 
speech, text, images and data is becom- 
ing increasingly important. It is accom- 
plished on a man-man, man-machine 
and machine-machine basis over long 
distances with the aid of telecommunica- 
tion networks. They may be divided into 
two distinct types, switched networks 
and transmission networks. 


Switched networks 


The various switching networks, com- 
prising the telephone, telex, circuit- 
switched data and packet-switched data 
networks handle the various services 
such as telephony, telegraphy, teletex, 
data transmission, etc. The number of 
channels needed is calculated on the 
basis of traffic requirements (traffic 
measurements, forecasts) and are pro- 
vided by the transmission network. In 
order to maintain the services it 1s neces- 
sary to secure the availability of the 
transmission networks. 
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Network Management 


Transmission networks 


The most important function of the 
transmission network shown diagram- 
matically in Fig. 1 is to provide the 
required connections in switched and 
fixed networks with optimum quality 
and maximum reliability. The transmis- 
sion network is configured as a mesh 
network at whose nodes the physical 
connections are made. It is desirable for 
these physical connections to be estab- 
lished over several different paths in 
order to maintain availability. Network 
nodes and exchanges are usually sited at 
different geographical locations. Ex- 
changes A, B and C are provided with 
the required connections over different 
paths without common sections so that if 
one section fails, the network will still 
be able to handle some of the traffic. 


Exchange 

O Network node 
——— Connections A-B 
Connections A-C 
— Connections B-C 


Fig. 1 Schematic diagram of a 
transmission network 
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Network management 


Economical operation of modern, highly 
complex telecommunication networks 
network depends on efficient network manage- 
ment. This involves the use of a com- 
puter-aided optimization system to 
ensure maximum utilization of the net- 
work capacity — particularly in the event 
of faults or overloads — and to provide 
all the services offered with high quality. 
This 1s achieved by monitoring and con- 
trolling the communication network to 
handle the traffic in the best possible 
way for both the operator and user. 


= Alarm 


Network signals, i 
date information 


Demands 
on the 


Statistical 
evaluation 


Repair 
and 

maintenance 
instructions 


Reconfigu- 
ration, 
expansion 
instructions 


Fault and 
failure 
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Protection 
switching 


| | Benefits of network management 
instructions 


for the operator 


e more intensive utilization due to 
improved and possibly expanded 
Service, 


e more efficient loading of the network 
resulting in more successful connections, 


e reduction of operating and mainte- 
nance costs, 


e better network overview, resulting in 
Fig.2 Network management communication for the transmission network better pl annin g ande arly identification 


of problems. 


Benefits of network management 
for the user 


e faster and more flexible response to 
requirements and wishes, 


e greater transmission reliability 
(duration of interruptions, availability). 


Network management 
in transmission networks 


Fig. 2 illustrates the following network 
management functions: 


1:1 connection Availability and transmission quality 


1:1 protection t ; 
switching protection of connections 
switching 


e Protection switching 
monitor the network, 
identify failed sections, 
n: 1 protection eerie specify protection links, 


switchin protection a ; mer 
' switching initiate protection switching operations 


e@ Fault clearance in technical facilities 
monitor the network, 

Network protection identify tailed unit, : 

switching initiate exchange or repair 


e Statistical evaluations of network 
quality 

for verifying performance 

and to alert the need for preventive 
Fig.3 Types of protection switching maintenance measures. 
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Digital connection 1 


Switching equipment 


Switching equipment 


Digital signal 


supervision 


Fig.4 Principle of 1:1 protection switching: the link is duplicated 


Network planning 


e Determining and administering 
the network data 


e Coordination 
of network requirements 


e Reconfiguration of the network 
by remote-controlled cross-connects 
and distribution multiplexers 


e Network expansion. 


Information and alarm signaling 


e Alarm signals 

in fault processing (failures, disconnec- 
tions) to network users and to network 
management itself 


e Information 

about network configuration, network 
status, technical facilities and network 
performance. 


| Switching 


n operating 
connections 


- equipment 


Control 


Distributor 


Protection switching 


There are two different types of protec- 
tion switching: line protection switching 
and link protection switching (Fig. 3). 


Line protection switching 


The term line is used in its wider sense 
and can mean an optical fiber, coaxial 
cable or radio relay route. If a line of 
this type fails, it is automatically re- 
placed by another operational line. With 
1:1 protection switching, both lines are 
operated in parallel and the available 
line is selected. With n:1 protection 
switching on the other hand, one of 
the n operating lines is switched to the 
standby line which was previously not 
being used. Line protection switching is 
used predominantly in radio relay sys- 
tems. 


Digital signal 
supervision 


Digital signal 
supervision 
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Link protection switching 


This form of protection switching, 
unlike the method described above, pro- 
vides protection against failure not 
merely for a single line but an entire 
connection consisting of several sections 
possibly with different types of lines. 


1:1 link protection switching 


With 1:1 protection switching (Fig. 4), 
the link is duplicated. Both transmission 
paths are physically isolated as far as is 
possible (separate power supplies and 
separate geographic paths). At each end 
of the links there is a switching equip- 
ment to change over to whichever path 
is available. 


This type of protection switching is used 
primarily at low multiplex hierarchy 
levels and for important services. It 
offers a high degree of security against 
failures, but at relatively high cost 
(duplication of channels). 


n:m link protection switching 


In this configuration, m protection links 
are provided for a group of n operation 
links (Fig.5). A changeover equipment 
at each end of the link group can switch 
over to one of the m protection links in 
the event of failure of one of the n oper- 
ation links, thereby restoring the link. 
The ratio n: m depends on the availabil- 
ity required, the failure rate and the size 
of the group. 


Distributor 


n operating 
connections 


Control 


Fig.5 Principle of n:m link protection switching: m protection links are provided for a group of n operation links 
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Network protection switching 


The protection sections in the transmis- 
sion network are not permanently inter- 
connected to form protection links 
(similar to the operation links) but can 
be configured dynamically to protection 
links in a protection network with the 
aid of switching matrices at the ends of 
the sections. At the network nodes it is 
possible to branch from the operation 
links to the protection network or to 
through-connect from the protection 
network to the operation network 
(Fig.6). This ensures that for any given 
failure an optimum protection path is 
found. It is thus possible to restore wide- 
spread failures. 


This type of protection switching offers 
maximum availability with a _ given 
number of operation and protection sec- 
tions but requires a network-wide, com- 
puter-controlled protection switching 
system. 


An example of semi-automatic protec- 
tion switching is the supermaster group 
protection switching system introduced 
by the Deutsche Bundespost (Fig.7). 
The fault signals indicated at the signal 
display desk of the network monitoring 
center (NMC) are recorded and evalu- 
ated by the operating personnel, and 
the faulty supermaster group section 
entered at the REBELL terminal. 
REBELL is a computer-aided network 
control for line transmission [2]. The 
process of determining the standby 
route in the REBELL computer, trans- 
mitting to the switching matrix controls 
via the MSV1 interface, the supermaster 
group switching computer and _ the 
FBM40 telecontrol equipment as well 
as through-connecting the protection 
routes are implemented automatically. 
It is also planned to automate the 
acquisition, evaluation and transmission 
of failure signals to the REBELL com- 
puter in a later capacity stage. 


Automatic network 
protection switching 


System structure 


An automatic network protection 
switching system is hierarchical in struc- 
ture (Fig.8). At the lowest level are the 
switching stations in the network nodes 
with the function of detecting failures 
and faults and reporting them. They also 
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Fig.6 Principle of network protection switching: the protection sections in the transmission network can 
be configured dynamically to form protection links in a protection network with the aid of switching 


matrices at section ends 


receive protection switching commands 
and execute them with the aid of their 
switching matrices. At the next higher 
level are regional centers for the colla- 
tion and forwarding of all alarm signals. 
The top level contains the network man- 
agement center which pools the network 
data and states, provides the network 
operator with information, keeps statis- 
tics and computes protection routes. 


As the number of links per region 
increases, it may be worthwhile having 
protection switching carried out by the 
regional centers which then also have 
the network data and states at their dis- 
posal. | 


Fig.8 shows an example of protection 
switching based on a concept with com- 
pletely centralized control. 


If a transmission line fails, the supervi- 
sion equipments of all switching stations 
in the link transmit directional failure 
alarms. These are collected by the re- 
gional centers, preprocessed if necessary 


(e.g. to eliminate redundant messages) 
and forwarded to the network man- 
agement center. This determines the 
failed section from the directional failure 
alarms, computes the best protection 
path and gives protection switching in- 
structions to the relevant switching sta- 
tions, which then switch through the pro- 
tection link after checking the sections. 


Structure of a switching station 


Fig. 9 shows the basic design of a switch- 
ing station with the switching matrix, the 
signal supervision equipment, the test 
signal generators and the switching ma- 
trix control. 


Operation channels are branched at the 
input, then fed to the switching matrix 
and direct to the output. The operation 
channel output can be supplied either 
directly from the operation channel 
input or from the output of the switching 
matrix. All protection channels are 
routed to the switching matrix but are 
not usually through-connected. This ar- 
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rangement allows the following alterna- 
tives: 


e@ Operation channel 
through-connection 

If the link is not disturbed, the operating 
channel is connected straight through. 


e@ Switching from operation 

to protection channel 

If the outgoing operation channel is dis- 
turbed it is possible to switch to any pro- 
tection channel (operation channel - 
switching matrix — protection channel). 


e Switching from protection 

to operation channel 

If the incoming operation channel is 
disturbed, it is possible to switch from 
any protection channel to the outgoing 
operation channel (protection channel — 
switching matrix — switch — operation 
channel). 


e Switching from protection 

to protection channel 

This option is used to set up any type 
of protection link; several protection 
sections are coupled together to form a 
protection link. 


e If the switching matrix is designed to 
provide full access to all channels 
(“cross-connect”) every incoming chan- 
nel can be connected to every outgoing 
channel. This is not, however, necessary 
purely for protection switching and con- 
siderably increases the size of the switch- 
ing matrix if there is a large number of 
channels. 


A channel supervision circuit which 
monitors the channels for failures and 
quality is provided at the input and out- 
put of all channels. Test signals can be 
injected into the switching matrix. These 
are used together with the channel 
supervision circuit to self-test the switch- 
ing matrix, and to test the operation 
channels and the idle protection chan- 
nels before restoring the operation chan- 
nel after protection switching. 


The switching matrix control has the fol- 
lowing functions: 


e collecting the data 
from the supervision equipment and 
forwarding it to the regional center, 


e controlling the test signal generators, 


@ receiving switching instructions from 
the regional center, converting the 
instructions into switching commands 
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Fig. 7 Schematic representation of the supermaster group protection switching 
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Fig. 8 Configuration of a centrally controlled network protection switching system 
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Fig.9 Basic configuration of a switching station located at network nodes 


and outputting these commands to the 
switching matrix and the operation 
channel changeover switch, 


e implementing self-tests and outputting 
failure and fault alarms to the regional 
center or to a separate network monitor- 
ing center. 


Network monitoring 


The network monitoring facility is used 
for automatic and manual protection 
switching and also ensures high network 
availability. It collects fault and failure 
alarms which are transmitted by the sen- 
sors of the transmission equipment or by 
special supervision equipment, transmits 
them to one or more central manage- 
ment equipments for display there or for 
automatic processing if applicable. 


Today the fault and failure alarms as 
used in the style 7R alarm signaling 
scheme are most usually displayed on 
large consoles with labelled lamps, or on 
modern graphics terminals. On the basis 
of these fault and failure indications the 
operating personnel initiate action such 
as fault-location procedures and the 
exchange or repair of equipment. The 
display of faults and failures and their 
interpretation by personnel will con- 
tinue to be part of the network monitor- 
ing function for some time to come. As 
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the job of the operator continues to 
grow in size and complexity, an “intelli- 
gent” network management system can 
provide considerable assistance through 
computer-aided procedures such as 
alarm concentration to suppress secon- 
dary alarms, alarm preprocessing to pin- 
point faults and automatic generation of 
fault-clearance proposals. 


Network control 


Network control refers to all the mea- 
sures and procedures required to main- 
tain transmission network operation. 
This includes data acquisition which has 
the function of providing the manage- 
ment system with information about the 
technical equipment in the network, the 
network structure, i.e. the internal and 
external route paths and other informa- 
tion of importance in operating the net- 
work. 


The failure processing aspect of the net- 
work control function handles discon- 
nections, initiates protection switching, 
issues maintenance and repair instruc- 
tions and executes the signaling proce- 
dures to inform all affected stations. 


An effective network control system 
also provides support in the planning, 
restructuring and expansion of the exist- 


ing transmission network. It helps in 
coordinating the demands on the net- 
work and enables the network to be con- 
figured or reconfigured automatically 
under remote control. This involves not 
only the switching of operation and pro- 
tection channels but also the flexible 
cross-connecting of operation channels 
via electronic switching matrices. 


This makes it possible to react consider- 
ably faster to changing requirements in 
the transmission network. 


Prospects 


Network management can be sum- 
marized as a means of managing the 
transmission network to provide opti- 
mum performance in all situations by 
adapting it to meet changing traffic re- 
quirements. Emphasis in the future will 
be on shortening the response times of 
the network management system and on 
automating the various functions by 


e software-controlled network config- 
uration with remote-controlled switch- 
ing matrices (distributors) and “cross- 
connect” multiplexers at all hierarchy 
levels, 


e high-speed telecommunications man- 
agement network with standardized 
interfaces and protocols to support the 
functions of network supervision, 
switching and fault handling, 


e comprehensive network management 
software and high-performance com- 
puter systems. 


Computer-aided network management 
will thus be crucial to the efficient and 
economical operation of transmission 
networks in the future. The aim is to 
provide the technical equipment re- 
quired to meet this trend. 
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With the signal collection and distribu- 
tion system SISA, a new concept has 
emerged as the essential prerequisite for 
the computer-aided network manage- 
ment of the future. This system is used 
for transferring information and com- 
mands inside telecommunication centers 
between the transmission equipment 
and the centrally or noncentrally located 
network management system. 


This article describes the work of inter- 
national standardization, the various 
functions and the overall structure of the 
SISA system. A further article [1] pre- 
sents its individual elements. 
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Initial situation 


In agreement with the standardization 
bodies, CCITT (International Telegraph 
and Telephone Consultative Commit- 
tee) and CEPT (Conference of Euro- 
pean Post and Telecommunications Ad- 
ministrations), the system suppliers are 
concentrating on the realization of the 
signal collection and distribution system 
SISA. The basic idea is to continuously 
and centrally paint a picture of the status 
of the communication network with all 
its latest, widely differing error events 
and quality descriptions, and thus to 
give the network operator a transparent 
instrument for the more efficient han- 
dling of tasks. Protection switching 
actions can then be initiated and 
executed more selectively, thus allowing 
better utilization of network capacity. In 
this way the overall availability of a com- 
munication network remains constant to 
a high degree. 


A basis is thus being created for an inde- 
pendent administration system with the 
CCITT designation, “Telecommunica- 
tion Management Network” (TMN). 


International standardization 
as the framework for development 


Since October 1986 the term TMN has 
appeared in the study work of CCITT as 
Recommendation G.TMN. Behind this 
term there is a pyramidal architecture 
with the following structure: 


e telecommunication centers with the 
transmission equipment (NE network 
elements) and facilities for collecting 
messages and switching commands 
(MD _ mediation devices), 


e data communication network (DCN), 
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e central and non-central display, 
decision and control stations 
(OS operations systems). 


Fig. 1 illustrates the structure of the 
CCITT proposal G.TMN and the scope 
of functions of the SISA system which it 
contains. 


Because of the complexity of TMN, 
international study groups of both 
CCITT and CCIR are working on the 
recommendation. Several more years of 
study work will probably be necessary 
before a recommendation is finalized. 


At CEPT, coordination work is likewise 
in progress on the subject of network 
management. CEPT Group TR2 GES is 
concerned with collection and distribu- 
tion structures at telecommunication 
centers. This work concentrates on 
defining the interfaces (Fig. 2); recom- 
mendations are in preparation for 


e interface Cl between the tele- 
communication equipment (Eq) and the 
signal collection equipment (CE), 


e interface C2 between the signal 
collection equipment and the central 
processing equipment, and 

e interface C3 between the telecom- 
munication center and the data network. 


In October 1986 the first contribution 
to the interface C2 description was 
finalized by the CEPT working group. 
Recommendations for the Q interfaces 
(CCITT proposal in Fig. 1) do not yet 
exist. 


Interaction of network management 
and SISA system 


Under network management we broadly 
understand the optimum handling of the 
data communication network under all 
circumstances. Its significance lies partly 
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Fig.1 Pyramidal structure of the CCITT proposal G.TMN for international 


standardization of the independent administration network TMN (telecom- 
muniations management network), showing the functional range of the signal 


collection and distribution system SISA 


in the shortening of reaction times. Here 
it relies on SISA as a bidirectional infor- 
mation transport system. This informa- 
tion is generated by 


e continuous fault supervision of all net- 
work elements (primary requirement), 


@ continuous disturbance supervision of 
all transmission paths (e. g. digital signal 
links DSL and digital signal main lines 
DSML), 


@ quality supervision at chosen intervals 
(e.g. bit error ratio measurement, DSL 
and DSML short-duration outages), 


e calldown of information on environ- 
mental events (e. g. intrusion, fire) from 
unattended telecommunication centers, 


e calldown of identification data (e.g. 
equipment type, manufacturer, model) 
of network elements. 


The network management system em- 
ploys these data at the central or non- 
central display, decision and control sta- 
tions. ; 


It detects 


e the fault location and the defective ele- 
ment (in accordance with the available 
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of the interfaces 


prescribed depth of resolution) of an 
event and 


e the transmission paths affected by this 
event, 

and initiates the following: 

@ protection switching measures, 

e fault elimination measures and 

e calldown and control commands 


for various Services. 


SISA functions 


For interoperation with the network 
management system the SISA system 
has two principal — equipment-transpa- 
rent and equipment-associated — function 
complexes. 


Equipment-transparent functions 


Here the SISA performs the function of 
a transparent communication system 
within a telecommunication center. 


Such a system must have a collection 
and transport function for the informa- 
tion from the network elements, from 
here to the transfer interface (e.g. C3 
in accordance with CEPT definition or 


Fig.2 Collection and distribution structures of the European CEPT proposal 
regarding network management, work being concentrated on definition 


Q3 in accordance with CCITT Recom- 
mendation) in the telecommunication 
centers and a distribution and transport 
function for calldowns and commands 
from the above interface to the network 
elements. This basic function of bidirec- 
tional communication at telecommunica- 
tion centers is performed by the SISA 
system. 


Equipment-associated functions 


By these are meant the section defined 
by the functional element SISA 0, which 
prepares, stores and if necessary prepro- 
cesses the equipment information and 
converts and executes calls and com- 
mands. 


Concept of the SISA system 


The logical basic unit of the SISA system 
is a functional block, consisting of a mas- 
ter and 30 slaves. The latter are polled 
by the master via a bus system; simul- 
taneously, in ascending system hierarchy 
beyond the logical basic unit, the master 
section also has a_ slave function. 
Analogously, descending through the 
system hierarchy, each slave section also 
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has a master function. Thus with a small 
number of logical basic units a highly 
flexible tree structure with up to three 
hierarchical levels can be set up, each 
level being terminated by a signal col- 
lector (SISA 1, SISA 2 or SISA 3) by 
means of its master function (Fig. 3). 


Preprocessing of the data occurs, if nec- 
essary, only in SISA 0. It is possible to 
connect a personal computer via termi- 
nating device SISA 3 in order to secure 
suitable processing of the data from the 
telecommunication center. 


Hierarchical structure 


On the first level the functional element 
SISA 0 is assigned to the telecommuni- 
cation equipment. Each signal collector 
is given a coded address that is dictated 
by the rack into which the telecom- 
munication equipment is plugged. The 
telecommunication equipment itself is 
address-neutral, however. 


Up to 30 SISA Os can be polled by a 
SISA 1 on this level at each address poll. 
By definition, the SISA 0 forms the 
interface for the telecommunication 
equipment to the signal collection and 
distribution system. It can also allocate 
subaddresses if the equipment it repre- 
sents contains several systems and/or 
data interchange with individual slide-in 
units is desired. Terminating the first 
level, SISA 1 transmits the polled data 
in the ascending direction; it is the first 
transparent (equipment-neutral) build- 
ing block of the system. 


The pyramidal structure up to the signal 
collector SISA 3 can be readily dis- 
cerned by reference to Fig. 3. Whereas 
SISA 2 basically corresponds to SISA 1, 
SISA 3 in its capacity as termination of a 
signal collection and distribution system 
assumes a variety of data flow and 
matching functions. 


Installation breadth of the SISA system 


Theoretically, a SISA system has line 
capacity to accommodate 30 X 30 x 30 = 
27,000 SISA 0 device interfaces. With 
the principle of the logical basic unit, 
it became possible to create a flexible 
transport system for the telecommunica- 
tion centers. The minimum equipment 
complement of a system is one SISA 3 
and one SISA 1, which can poll up to 30 
elements. Via expansion stages with 30 
elements each, the maximum line capac- 
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Fig.3 Structure of the signal collection and distribution system SISA. 
A number of logical basic units can be interlinked to form a highly flexible tree structure 
with up to three hierarchy levels, each of which is terminated by a signal collector (SISA 1 to 3) 


ity is reached (installation breadth of the 
system). 


Interface configuration 


In the basic unit the master and slave are 
linked by a bus system. This permits a 
uniform interface configuration, which 
may however also differ from one basic 
unit to another. The required conver- 
sion functions must then be provided 
correspondingly by signal collectors 1 to 
3. In the first version of the SISA system 
a uniform interface Cl (designation per 
CEPT definition) is planned (Fig. 1 in 
[1] on p. 210) with the advantage that 
hierarchy levels can be skipped or omit- 
ted. Moreover, mixed configurations of 
interface conditions can be readily 
realized, e.g. in the figure just men- 
tioned, a C2 interface is provided for 
this purpose on SISA 3. The same can 
also be achieved by SISA 1 and SISA 2. 


Since the interface defintions are based 
on the ISO-OSI reference model (Inter- 
national Standardization Organization — 
Open Systems Interconnection), the 
SISA system is by nature an “open com- 
munication system.” Thanks to the sepa- 
rate, standard protocol layers, it is trans- 
parent and therefore interchangeable at 
any given point. 


Polling cycle 


The polling cycles in the SISA system 
are mutually independent; for each basic 
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unit the cycle duration for a bit rate of 
19.2 kbit/s is about 150 ms. In the worst 
cases the throughput time of an item of 
information through all three SISA 
levels is three cycles (about 450 ms); 
with average distribution of the sam- 
pling instants this is reduced by half. 


Conclusion 


The work commenced by Siemens three 
years ago on the development of a signal 
collection and distribution system SISA 
was aimed at the level relating to tele- 
communiation centers. This constitutes 
an important building block of a net- 
work management system. 


Today the SISA system has become a 
joint project of the companies, ANT, 
PKI, SEL and Siemens, headed by the 
Deutsche Bundespost. The progress of 
this development goes hand-in-hand 
with the work of the CEPT and CCITT 
Study Groups. 
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The management of transmission net- 
works involves a number of tasks. These 
include maintaining the availability of 
the networks on a continuing basis, 
monitoring the quality of network per- 
formance, updating network data and 
equipment management, as well as 
observing unattended telecommunica- 
tion centers for environmental factors. 
These tasks are to be increasingly based 
on computer processes in the future. An 
important requirement in achieving this 
objective is the provision of the new sig- 
nal collection and distribution system 
SISA in telecommunication centers. 
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standardization, tasks and structures 
described in [1] to consider in more 
detail the individual signal collectors, 
SISA 0, SISA 1, SISA 2 and SISA 3. 
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The SISA signal collection and distribu- 
tion system is employed in telecommuni- 
cation centers to transfer information 
and commands between the telecom- 
munication equipment and the cen- 
tralized or decentralized network man- 
agement system. Operating on the mas- 
ter-slave principle, SISA extends over 
three hierarchy levels with each level 
terminated by a signal collector (SISA 1, 
SISA 2 and SISA 3). At full capacity, 
a SISA system can serve up to 27,000 
equipment insets. The link between the 
telecommunication equipment and the 
signal collection and distribution sys- 
tem is established by the SISA 0 unit 
(Fig. 1). From SISA 1 the system is 
purely a transport facility. It is only at 
the SISA 3 level that operating proces- 


Tele- SISAO. 
communication 
equipment ae 
AtoE Ports 

CltoC3 Interfaces 


Data communication network 


ses are available as an expanded func- 
tion for data processing. The use of a 
personal computer at signal collector 
SISA 1 for operation and service enables 
equipment data to be displayed in a 
clear and highly detailed manner. 


Signal collector SISA 0 
with sensor function 


The equipment-associated part of the 
SISA system is signal collector SISA 0, 
which is both a source and sink of infor- 
mation in the sense that it communicates 
with indicating and controlling hierar- 
chies. 


Its sensor function encompasses the fol- 
lowing areas: 


Telecommunication 
center 
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remote tele- 
communication 
| center 


PC Personal computer 


Fig.1 Structure of the SISA signal collection and distribution system with one type of interface 
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**Alarm information” area 


e presentation of each individual moni- 
tored function provided in the relevant 
equipment. 


“Quality characteristics” area 


e storing and recording brief outages 
and passing this information on if time 
and quantity thresholds are exceeded, 


e bit error ratio measurements with 
adjustable limits, 


e determining quality parameters per 
CCITT Recommendation G.821. 


‘Status information” area 


e setting and storing status information 
(e.g. for fault priority and for 
unassigned equipment inputs). 


“Equipment management” area 


e storing identification data (equipment 
type, manufacturer, manufacturing 
data). 


**Poll and control commands” area 


e switching and answering polls from 
central and decentralized locations, 


e switching and executing control 
commands. 


As previously stated, SISA 0) is the link 
between the telecommunication equip- 
ment and the SISA system. Assigned to 
each equipment inset, it collects the 
equipment information present there, 
processes it as necessary and passes it via 
a serial data interface (C1) to the sig- 
nal collection and distribution system at 
the polling instant. The basic configura- 
tion of a SISA 0 is shown in Fig. 2. The 
central device is the microcontroller 
which acts as the sensor for the alarm 
information. If the volume of data is 
large, the relevant interface is serial. If 
not so large, it is parallel. The microcon- 
troller evaluates the data using a pro- 
gram stored in the EPROM (erasable 
programmable read-only memory). If 
on interrogation by the SISA 1 there 
is a change in the alarm state, this in- 
formation is fed out via a serial univer- 
sal asynchronous receiver-transmitter 
(UART) interface of the microcontrol- 
ler and an interface device conforming 
to EIA RS 485 (Electronic Industries 
Association Recommended Standard) 
to the SISA system. Two important 
characteristics should be emphasized at 
this point: 
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Fig.3 Basic structure of a SISA 1 signal collector 


e [tis only the change in alarm states 
that is transmitted (reduced bus system 
loading). 


e A device conforming to the EIA RS 
485 standard is generally employed for 
the electrical characteristics. 


The address of the SISA 0 is predeter- 
mined by the rack and notified to the 
equipment inset via five address lines 
(2° = 32 slaves) in binary form (Fig. 2). 
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RAM Random access memory 
RS 485 EIA Recommended Standard 485 
UART Universal asynchronous receiver- 


transmitter 


C1 
| 


(SISA 2) 


PC 


PC Personal computer 
RAM Random access memory 


RS 485 — EIA Recommended Standard 485 
UART Universal asynchronous receiver-transmitter 
Equipment interface C1 


The characteristics of interface C1, as in 
the latest version (March 1987) of a cor- 
responding CEPT paper from the 
Deutsche Bundespost, are summarized 
below. 


General characteristics 


e serial bus system, 
oO master-slave principle, 
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Fig.4 Basic structure of a SISA 3 signal collector 


o polling, 
o maximum of 30 bus users, 


e balanced, shielded two-wire line 
(maximum connection length 500 m). 


Layer 1 (“physical layer”) 
of the ISO-OSI reference model 
(bit transmission) 


e electrical characteristics 
conforming to EIA RS 485, 


@ operating mode: 

bidirectional, half-duplex, 

e transmission method: asynchronous, 
e transmission speed =19.2 kbit/s. 


Layer 2 (“data link layer”) 
of the ISO-OSI reference model 
(section security) 


e format class FT 1.2, UART format, 
in accordance with IEC TC 57, Part 5-1, 


® communication protocol 
in accordance with IEC TC 57, Part 5-2. 


Signal collector SISA 1 
for the first hierarchy level 


Consistent with the logical structure, sig- 
nal collector SISA 1 at the first hierarchy 
level polls the SISA 0 elements assigned 
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Connection of 
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to it (up to 30) and, when itself polled, 
passes the data, which it has collected 
and stored, on to the SISA 2. At the 
same time, these data are transferred by 
the SISA 1 to an associated personal 
computer. A serial interface per EIA RS 
232C for connecting the personal com- 
puter is provided in addition to the inter- 
faces Cl to SISA 0 and SISA 2 (Fig. 3). 
Data are passed to SISA 2 on a transpa- 
rent basis and only in response to polling 
from the latter. As with SISA 0, the 
address is set via the rack wiring. 


Signal collector SISA 2 

for the second hierarchy level 

The tree structure tapers (Fig. 1) as a 
result of SISA 2 polling signal collectors 
SISA 1, storing the information and 
passing it on to the terminating element, 
SISA 3, when it is itself polled. SISA 2 is 
only required when there are more than 
30 SISA 1s in the network. It is purely 
a switching node and can be skipped 
by signal sources if appropriate. 


SISA 3 as a node 
at the third hierarchy level 


SISA 3 has the function of a central 
node in a telecommunication center. It 


is the point at which all the information 
converges from the telecommunication 
equipments and is passed on to the data 
communication network. It is also the 
point at which the commands from the 
network management system arrive and 
are switched through to the telecom- 
munication equipments. It thus estab- 
lishes the dialog to the upper levels of 
the management network. 


Since the structure of the SISA 3 is flex- 
ible, it can be implemented for a number 
of applications, 1.e. 


e connection of one or more SISA 
systems, employing optionally inter- 
faces C1 and C2, 


e connection of SISA systems from 
remote, i.e. adjacent telecommunication 
centers, 


e connection to the data communica- 
tion network, 


e connection of a personal computer, 
e.g. when a signal processing or presen- 
tation facility is required. 


These connections are established using 
the five various input and output ports A 
to E which are linked internally via a 
multibus. A central computer, whose 
operating parameters can be selected via 
any make of visual display unit, controls 
the input and output ports. 


The possible connections at ports A to E 
are shown in Fig. 4. 


Port A 


It is possible to connect and poll up to 
four SISA systems via a separate Cl 
interface for each. 


Port B 


It is possible to connect up to eight SISA 
systems from remote telecommunication 
centers via a point-to-point link (e.g. 
modem) and a Cl* interface for each 
(the C1* interface differs slightly from 
the Cl interface: it has the same pro- 
tocol, but a lower bit rate). 


Port C 


This has up to four C2 interfaces whose 
characteristics differ from the previously 
stated Cl characteristics only in layer 2 
of the ISO-OSI reference model (Inter- 
national Standardization Organization — 
Open Systems Interconnection): com- 
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In signal collector SISA 3, port D provides the connection to the data communication network 


which is the next level up in the management network hierarchy. Two interfaces are provided: 
one provides a primary path (red) in the form of 64-kbit/s ring structure and the other a secondary path 


(blue) for a backup network if required 


munication protocol HDLC (high-level 
data link control), unbalanced mode, 
ISO 7809. Its other functions are the 
same as those for port A. 


Port D 


Port D is used to establish the connection 
to the data communication network, 
which is the next level up in the manage- 
ment network hierarchy. Two interfaces 
are provided: one is the primary path 
and the other is for a backup network if 
required. This two-path routing facility 
is shown in Fig. 5 where the operating 
path (red) is a 64-kbit/s ring structure. 
According to the CEPT specification, 
the interface to be used for port D is C3, 
which is equivalent to the Q3 interface 
of the CCITT recommendation. There 
are no specifications yet for C3 but it is 
assumed that the HDLC, _ balanced 
mode communication protocol will be 
adopted on account of its international 
usage. Possible data communication net- 
works are Datex-L (circuit-switched), 
Datex-P (packet-switched), the leased- 
circuit data network, ISDN and possibly 
the switched telephone network. 


Port E 


At port E it is possible to connect a per- 
sonal computer for signal processing and 
display in the telecommunication center. 


Owing to its range of applications — as a 
data distributor and as a central control 
node of a telecommunication center — 
SISA 3 is designed on a modular basis. 
By inserting modules interconnected 
via a multibus, it is possible to expand 
SISA 3 from a simple processor system 
with few ports to a multiprocessor sys- 
tem with many ports which can control 
and distribute high-speed data at the 
individual ports. 


Personal computer 
as a new operating and service unit 


With the increasing complexity of tele- 
communication equipment (e.g. several 
systems in one equipment inset), the 
number of displayed alarms is growing 
with a consequent reduction in the clar- 
ity with which they can be presented by 
light-emitting diodes and miniature dis- 
plays. In addition, there are equipment 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


Network Management 


parameters which were not previously 
displayed despite their usefulness for 
commissioning and maintenance. By 
contrast, a personal computer connected 
via SISA 1 to one or more telecommuni- 
cation equipments presents alarm indi- 
cations in great clarity and detail. It can 
also be used to perform such operations 
as disabling alarms on unassigned inputs 
or setting alarm priorities, all of which 
was previously only possible with the aid 
of switches or soldered links on the 
supervision units. These settings can be 
presented so clearly on the display 
screen that conventional aids, such as 
the card compartment, are no longer 
required for these functions. The setting 
data are stored in an EEPROM device 
on signal collector SISA 0. Only one bit 
is sent per function, apart from 
alphanumeric sequences (e.g. equip- 
ment designation, comments) which are 
transmitted in ASCII characters. The 
data for display formation and for con- 
verting the equipment information — the 
load placed on the SISA system by the 
low volume of data required from the 
SISA 0 for this purpose is insignificant — 
are stored on floppies in the personal 
computer. 


A display can be modified or produced 
in various languages very easily by 
changing the software without having to 
replace the program memories on the 
equipment units. A personal computer 
with hard disk, available in portable 
form, can store the programs for all the 
types of equipment found in a repeater 
station. Using a code number which 
each equipment sends to the personal 
computer on request, the computer is 
able to select the specific program for 
the particular equipment by itself. Menu 
masks and help functions are also pro- 
vided to further facilitate operation of 
the computer. Unauthorized access to 
certain user functions is prevented by a 
password. 


Reference 


[1] Herkert, H.; Kabl, W.; Timmermann, U.:: 
SISA Concepts as the Basis for Computer- 
Aided Network Management. Standardization, 
tasks and structure of the SISA signal collection 
and distribution system in telecommunication 
centers. 
telcom report 10 (1987) Special “Multiplexing 
and Line Transmission,” pp. 207 to 209 


Pa 


Network Management 


Charles Chaillié 


Centralized Supervision and Control 
of Integrated [ext and Data Networks 


Text and data traffic is constantly ex- 
panding — this applies both to the range 
of services offered and to the structure 
and usage of the transmission networks. 
Failure of terminal circuits, at airlines, 
travel agencies or financial institutions 
for example, has an immediate effect on 
the services. With the data network sig- 
naling (DNS) system there is now an 
effective monitoring and diagnostic tool 
for the early detection and rapid elimi- 
nation of faults, particularly at the lower 
network level out to the user network 
termination. For the user this means 
fewer and above all shorter downtimes 
and hence increased availability of the 
transmission paths used [1]. 
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The data network signaling system auto- 
matically records all irregularities occur- 
ring in the transmission sector and 
reports them via a processor-controlled 
overlay network to the alarm center. 
After the alarm data from a control area 
have been logically linked, the work- 
station responsible for the area issues 
specific instructions for fault clearance. 


Data network signaling system 


In the reverse direction the overlay net- 
work is used for the remote control of 
test loops in order to localize faults in 
defective sections. With the information 
supplied by the data network signaling 
system, the maintenance personnel can 
immediately switch the defective trans- 
mission sections to standby operation 
and go to the relevant network node 
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Fig. 1 Schematic diagram of the data network signaling system (DNS) 
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with a view to replacing a defective net- 
work component. In addition, if a fault 
is reported by a user, precise informa- 
tion is available in the alarm center 
regarding the date and time the fault 
first occurred and details of the action 
taken to remedy the fault. 


Alarm generation 
in the network components 


Independently of the safeguarding 
mechanisms incorporated in the data 
communication protocols, the data net- 
work components monitor their own 
operability and that of the interconnect- 
ing transmission paths. The operating 
parameters which are monitored con- 
tinuously include: 


e the supply voltage, 

e the central network clock, 

e the receive signal level, 

e the user line circuit synchronism and 
e 


the frame alignment 
of the time-division multiplex systems. 


In order for the periphery of a data net- 
work to be monitored, the data in the 
user line circuit must have an envelope 
structure. When these envelopes are 
formed in the network termination, one 
status bit and one synchronization bit 
are added to each group of eight user 
data bits for the purposes of network 
control and supervision. This enables 
control commands for setting up test 
loops, for example, to be transmitted to 
all network components in the data 
channel during the signaling phase and 
the return information to be evaluated 
[2]. Since envelopes are also transmitted 
during traffic-free periods, monitoring 
takes place around the clock, irrespec- 
tive of the user’s traffic requirements. 
If the network components detect an 
impermissible deviation of an operating 
parameter from its nominal value, they 
generate a corresponding alarm signal at 
a special signaling interface. The net- 
work components also make a control 
interface available for the reception of 
test-loop commands (Fig. 1). 


Transfer and preprocessing 
of control and signaling information 


With the aid of recording circuits tai- 
lored to the particular network compo- 
nent, the DNS system accepts the alarm 
and acknowledgment signals and con- 
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Fig.2 Functional levels of the data network signaling system (DNS) 


verts them into a uniform internal indi- 
cation message. In the reverse direction, 
the same circuits decode the incoming 
control messages and distribute the com- 
mands to the relevant transfer points. In 
order to keep the number of dedicated 
transmission paths in the overlay net- 
work to a minimum, eight indication 
messages are buffered in a further level 
for the purposes of concentrating indica- 
tions and commands, and only status 
changes are passed in a preset order 
for preprocessing. At present, the over- 
lay network operates in this area with 
50-baud channels and a 5-unit code, as 
is usual in the telex network. 

For preprocessing the control and sig- 
naling information, an alarm concen- 
trator accepts the information arriving 
from up to 32 locations, records it to- 
gether with the date and time of day 
and edits it according to urgency for for- 
matted transfer. For each recording 
point, central memory modules contain 
the current alarm status, information on 
the progress made in fault localization 
and fault clearance, and fixed additional 
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information on the location, technology, 
alarm priority and proposals for fault 
clearance. Besides preprocessing the 
information from the recording level, 
the alarm concentrator manages and 
controls the DNS components of the 
overlay network. The _ transmission 
channels used by the DNS signals, the 
operating mode settings and the opera- 
tion of the DNS components are con- 
tinuously monitored and, in the event of 
faults, they are handled at high priority. 
In the DNS hierarchy, the alarm concen- 
trator offers the first convenient man- 
machine interface for interactive com- 
munication with a directly connected 
control terminal and for information 
exchange with a _ higher-level alarm 
center. 


Alarm center 
and operator interfaces 


For relatively small networks or during 
the cut-over phase of the data network 
signaling system, the roughly 8000 
recording interfaces of an alarm concen- 
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Fig.3 Recording modules ACS-A1 and ACS-A2 for installation in data network components 


trator can be directly handled by the 
local control terminal. Message output, 
test loop control and programming of 
the additional static data are all per- 
formed by means of operator prompting 
using a convenient command language. 
For example, the alarm concentrator 
will respond to the command “b” by out- 
putting the alarm with the highest prior- 
ity, together with all the static and vari- 
able data stored in the system. The 
printout can serve as a fault slip for the 
maintenance personnel. Other input 
commands provide overviews of the 
number of pending alarms in nine prior- 
ity categories. In addition to automati- 
cally signaling all new faults, the alarm 
concentrator can be commanded to sup- 
ply detailed lists for all the recording 
interfaces containing information on 

e pending alarms, 

e faults being cleared, 

e fault reports duly processed, and 

e alarms concluded without 
intervention. 

The fault slips, fault overviews and lists 
that can be printed out at the control 
terminal, in conjunction with direct 
access to the DNS system, provide a 
means of automatic fault detection, re- 
motely controlled fault localization and 
the targeted deployment of maintenance 
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personnel. They make it possible to keep 
track at all times of the measures taken 
to deal with a particular fault and provide 
up-to-date information on the operabil- 
ity of the network in the event of com- 
plaints from the user. 


In this DNS configuration (i.e. without 
an additional processor) the alarm con- 
centrator manages the data of the moni- 
tored network components. Information 
on the connection paths between the 
network nodes and data on the users are 
stored in files outside the DNS system. 


The alarm concentrator has an interface 
for connection to a computer-aided 
alarm center. This interface logs on to 
the alarm center in interrupt mode on 
the occurrence of a new alarm or is poll- 
ed by the center. In a large network, 
such as the Integrated Text and Data Net- 
work (IDN) operated by the Deutsche 
Bundespost, the alarm center has two 
levels [3]. It consists of a node section 
with up to 98 inputs for alarm concen- 
trators, and a processor section for han- 
dling and linking the information from 
these alarm concentrators (Fig. 2). For 
smaller networks, a multistation system 
is employed, which is based on the 
PC-MX2 personal computer and runs 
on the SINIX® operating system. This 
alarm center configuration enables the 


data network signaling system to be con- 
trolled from a number of video worksta- 
tions. By adding further software pack- 
ages and by connecting additional con- 
trol channels, it is possible to provide 
the alarm center with features which 
go beyond mere signaling and diagnosis, 
such as remote configuration of the 
ZD-A3 time-division multiplex system 
via the FBS remote-control system, or 
the establishment and management of 
the data base for the entire transmission 
network. 


Components 
of the data network 
signaling system 


The functional units for alarm transfer 
and test control adapt various signaling 
interfaces to the DNS overlay network. 
In the ZD-A3 time-division multiplex 
system this is effected by the APV soft- 
ware package. In the line transmission 
insets (LUE), in the synchronous nodes 
(SK12), in the communication line adap- 
ter inset (DAE) and in the envelope 
channel divider (EKT12) there are 
Eurocard-format mounting locations for 
the ACS-A recording modules (Fig. 3). 


Modules ACS-B and ACS-C1 are avail- 
able for connection to single signal 
interfaces (e.g. to the composite alarm 
of rack insets). Among other things, 
they permit evaluation of the ground 
potential at signaling contacts or parallel 
connection to indication and control 
interfaces in accordance with CCITT 
Recommendation V.28. The modules 
consist of a type-specific interface con- 
verter, for mechanical and electrical 
matching, and a uniform logic section 
with a mask-programmed single-chip 
processor which combines as many as 32 
individual signals to form a DNS mes- 
sage. 


The alarm-reporting and loop-control 
module (ALM) combines eight of these 
indication and control messages at a 
dialog interface for the purpose of infor- 
mation exchange with the alarm concen- 
trator. Communication with the record- 
ing level is controlled by a single-chip 
processor; internal processing of the 
control and signaling information, 
together with control of the dialog inter- 
face to the alarm concentrator are per- 
formed by an SAB8085 processor. The 
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Fig.4 Alarm center of the data network signaling system: 
DNS node for 8000 recording interfaces and PC-MX2 with control terminals 


ALM-1 module in Eurocard format is 
preferred for use in existing module 
frames in Deutsche Bundespost systems. 
A version, with lower power consump- 
tion, the ALM-2 in double Eurocard 
format, is available for creating compact 
DNS nodes. 


The alarm-reporting and loop-control 
concentrator (ALK) records and prepro- 
cesses the DNS information. It consists 
of three memory modules and five pro- 
cessor modules with special processing 
programs for the central management of 
alarm data, with programs for the 32 
interfaces to the recording level and for 
three operator interfaces. When a cen- 
tral DNS node is set up, the two-row 
ALK frame is additionally equipped 
with four ALM-2 modules and two 
ACS-Cl1 modules so that, depending on 
the configuration, up to 32 recording 
interfaces, 32 remote ACS or APV mes- 
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sages or 32 remote ALM modules can be 
connected and processed (Fig. 4). 


The two-row ZFE-3 central function 
inset is used as a remote DNS node; it 
can be equipped with the ACS-C1 and 
ALM-2 modules and also with special 
modules, such as PSS-1 for controlling 
external equipment or PUB-1 for inter- 
face conversion (Fig. 5). 


The function of the concentrator section 
(ALZ-K) of an alarm center in the 
Deutsche Bundesposts’s IDN is _ per- 
formed by specially configured ZD-A3 
time-division multiplex systems. Seven 
ALK units are combined to form a node 
and are controlled via one computer in- 
put employing multipoint operation. For 
a maximum configuration of 98 ALK 
connections, a total of three ZD-A3 
rack insets are required. 


Up to six control terminals can be con- 
nected to an alarm center employing the 
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Fig.5 Central functions inset ZFE-3 with ACS-C1 recording modules, 
ALM-2 alarm-reporting and loop-control modules and the PPS-1 module 
for test-loop control 


PC-MX2 multistation system. Through 
menu guidance and password access 
control, these workstations can be 
assigned to different user groups. 


Outlook 


Due to its hierarchical nature, the data 
network signaling system can be adapted 
to text and data networks of various 
sizes and structures. In addition, the 
modular design of the DNS components 
enables a changeover to be made to new 
network components and other overlay 
networks. By the introduction of addi- 
tional software packages and by cou- 
pling the system to remote-control net- 
works for configuring and controlling 
the network components, the alarm 
center of the data network signaling sys- 
tem can be gradually expanded into an 
O&M (operation and maintenance) 
center for text and data networks. 
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Service Channels 
on Fiber-Optic Transmission houtes 


For fiber optic systems with high bit 
rates (140 and 565 Mbit/s) Siemens has 
fully exploited the advantages of the 
optical medium to develop a universally ™ -< 
applicable service equipment. The ser- ; B 
vice channel facility is integrated in this 
equipment with five  slide-in units 
(Fig.1). A system concept is thus 
offered, which provides optimum appli- 
cability for network operating com- 
panies and manufacturers alike. It per- 
mits customization of the auxiliary ser- 
vices without touching the expensive 
and complex technology of the basic 
system. 
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Operating modes 
of the service channel 


As a rule the service channel is operated 
end-to-end on a four-wire basis between 
the line terminating units (i.e. signals 
are transmitted separately in the for- 
ward and return directions) and is 
accessible at all intermediate regenera- 
tor stations along the route via a four- 
wire coupler (omnibus operation). At 
one end of the route at least, it is for- 
warded to a continuously attended sta- 
tion, where the call can be answered and 
passed on if necessary. The operation 
and maintenance (O & M) centers or the 
central service observation positions of 
the Deutsche Bundespost are manned 
permanently. 


of il 


Dipl.-Ing. (FH) Hermann Seidel, 


Siemens AG, 
Transmission Systems, Fig. 1 Service channel equipment for intermediate regenerator stations (left) and for terminal stations 
Munich (right); in the equipment on the left the service channel facility consists of the top five slide-in units 
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Communication between several sta- 
tions simultaneously (conference traffic) 
is possible without any restriction. Ser- 
vice channels can be set up as required 
either for collective or selective call 
(Fig. 2). 


For short transmission routes collective 
call is suitable, i.e. a transmitted call is 
simultaneously evaluated by all con- 
nected, but not necessarily continuously 
attended stations. At the end of the 
route a service channel exchange is con- 
nected via a four-wire line with signaling 
wire E & M (exchange and multiplexing) 
interface. At a manual service channel 
exchange (e.g. Siemens DLV300E) all 
service channels terminate: incoming 
calls can be answered and put through if 
necessary, for example over four-wire 
service channels to other O & M centers, 
over two-wire lines to the local offices, 
or also to subscribers of the public tele- 
phone network. In order to keep service 
channels fully switchable, certain net 
loss values must not be exceeded. 


Selective call is of advantage for long 
transmission sections, whereby each sta- 
tion is selected via its own call number. 


At the end of the service channel an 
interface makes the transition to a two- 
wire dial-up line with the usual sub- 
scriber interface, which connects either 
to a public local exchange or a PABX 
(private automatic branch exchange). 
For example, if the user dials the 
number of the interface circuit from an 
intermediate station, he is connected to 
the PABX. By suffix dialing, an exten- 
sion user can then be called, or via a 
trunk line any subscriber in the public 
telephone network. 


Besides selective calling of a station, 
calls to all stations (collective calls) or to 
groups of stations (group calls) can be 
made. 


Transmission methods 
for service channels 


The first optical waveguide transmission 
routes set up by the Deutsche Bundes- 
post contained optical cables with an 
additional copper quad for the service 
channel. To compensate for the attenua- 
tion of the line, voice-frequency repeat- 
ers and line equalizers were necessary at 
intervals of about 25 km, as were special 


Intermediate station 


Terminal station 


S 
‘V7 CN, ws 
“au Taw 


b 


Terminal station Intermediate station 


2Wr-I Two-wire interface (subscriber-like interface) 
4Wr-I Four-wire interface (four-wire E & M interface) 
COU Four-wire coupler 

EX Local exchange or PABX 


Terminal station 


Terminal station 


Network Management 


O&M center 
(ZBBeo) 


% 
“ s 
“y s 

“Han 


O&Mcenter 
(ZBBeo) 


O&M Operation & maintenance 

SCE Service channel exchange 

SCF Service channel facility 

ZBBeo Central service observation equipment 


Fig.2 Schematic representation of the service channel facility for the operating modes “collective call” 


(a) and “selective call” (b) 


protective measures against interference 
voltages on the electrical wires. 


A new method avoids this expense and 
the resultant disadvantages by transmit- 
ting the signals of the additional services 
together with the signals of the main 
optical system [1]: all additional services 
are combined to form a 48-kbit/s signal 
and modulated as a 2PSK (phase-shift 
keying) signal with a 192-kHz carrier 
onto the digital main signal. In order to 
impair the quality of the main signal as 
little as possible, this signal is amplitude- 
modulated by only about 4 to 5% (sym- 
metrical optical signals for “zero” and 
“one” , Pug.3). 


This transmission principle renders 
superfluous additional fibers or copper 
wires for transmission of additional 
services. 


Fig.4 shows in a simplified functional 
circuit diagram the essential circuitry for 
service channel transmission at an inter- 
mediate regenerator station. By delta 
modulation the analog speech signal is 
converted into a digital signal with a bit 
rate of 32 kbit/s. From the digital signals 
of the additional services, a time-divi- 
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sion multiplexer forms a 48-kbit/s digital 
signal that is composed as follows: 


e 1.6 kbit/s for the frame alignment 
signal, 

e 2.4 kbit/s for supervision and fault 
locating by the ISM (in-service monitor- 
ing) method, 


e one 9.4-kbit/s and one 2.4-kbit/s chan- 
nel for use by maintenance personnel, 


e 32 kbit/s for the service channel for 
transmission of service calls. 


32-kbit/s delta modulation 


For conversion of the analog speech sig- 
nal into a 32-kbit/s digital signal an adap- 
tive delta modulation method is used 
that is known as CVSD (continuously 
variable slope delta modulation) and 
sometimes as DCDM (digitally con- 
trolled delta modulation). EJROCOM, 
a working group of European NATO 
countries, recommends for the tactical 
digital communication networks the 
CVSD method with a 3-bit algorithm, 
which is especially suitable for transmis- 
sion of speech signals at low bit rates of 
16 to 32 kbit/s [2]. For example, the 
speech transmission quality with 32-kbit/s 
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Fig. 3 Low modulation factor of the laser light for transmission of additional services 
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Fig.4 Simplified functional circuit diagram of an intermediate regenerator station 


delta modulation is approximately equal 
to that with 64-kbit/s pulse code modula- 
tion (PCM). Up to eight modulation sec- 
tions, each with one conversion of the 
analog speech signal into a digital signal 
and back again, are permissible. With 
regard to speech transmission, delta 
modulation offers a number of advan- 
tages over PCM: 


e For similar transmission quality a 
lower bit rate is required. 


e Word synchronization (start of octet) 
is not needed, as all bits are weighted 
equally. 


e Down to error rates of 107° there is 
practically no appreciable loss of 
quality. 

e Existing circuits and modules are suit- 
able, by modifying the sampling fre- 
quency, also for transmission systems 
operating with other bit rates, a higher 
bit rate bringing higher transmission 
quality. 


Fig. 5a demonstrates the principle of 
delta modulation. The comparator 
behind the band limiter (low-pass filter) 
decides whether the instantaneous 
analog input voltage is higher or lower 
than the reconstructed output signal. It 
drives a D flip-flop clocked with the 
sampling frequency, which generates a 
binary NRZ (non return to zero) signal 
at the output. This digital signal is fed 
back via an integrator to the comparator 
input and represents a coarse simulation 
of the input voltage. An identical inte- 
grator in the demodulator generates a 
voltage with the same waveform, which 
behind the low-pass filter approximately 
corresponds to the transmitted signal. 


From the shape of the two curves u, and 
u; in Fig. 5b it is obvious that at a certain 
input voltage slope the integrator output 
voltage is unable to follow, and slope 
overload occurs. The CVSD method, on 
the other hand, prevents slope overload 
and thus improves the dynamic and fre- 
quency range by modifying the slope of 
the fed-back comparator input voltage 
as a function of the bit sequence of the 
binary signal (Fig. 5c). If more than 
three “1” or “0” bits occur in succession, 
the coincidence circuit, consisting of a 
2-bit shift register and a triple equiva- 
lence element (“exclusive NOR”) feeds 
a control voltage to a second integrator. 
At its output there appears a dc voltage 
that is proportional to the temporal 
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pulse density. From the two integration 
voltages, the analog multiplier generates 
a comparison voltage that is dependent 
upon the input voltage, with a slope that 
is greater, the more “1” bits or “0” bits 
that occur. In the absence of an input 
signal the modulator supplies and idle- 
state bit pattern of alternating logical 
“* and “0, 


Through-connection principle 
at intermediate regenerator stations 


Due to the accumulation of quantization 
noise, the number of permissible analog- 
digital and digital-analog conversions 
along a transmission route is limited. 
The chosen delta modulation method 
guarantees adequate transmission qual- 
ity, even with up to eight conversions. 


The circuit principle shown in Fig. 6 
permits any number of intermediate 
regenerator stations, as the digital sig- 
nals of both transmission directions are 
transparently through-connected. The 
speech signals are only through-con- 
nected and added at the VE level in the 
intermediate station participating in the 
service call with the aid of a speech-con- 
trolled switchover facility. Addition at 
the digital level — a digital conference 
node — is practically impossible to imple- 
ment when using delta modulation. The 
changeover contacts are controlled by 
a speech detector which has a brief 
response time (1 ms) and a long hang- 
over time (10s) in order to prevent word 
mutilation; a level threshold prevents 
response to room noises. 


Conference traffic, where several sub- 
scribers simultaneously participate in a 
service call, can readily be arranged. On 
condition that only one subscriber 
speaks at a time, while the others listen, 
up to two analog-digital and digital- 
analog conversions may take place, the 
signal-to-noise ratio being reduced by 
about 3 dB. 


Design and accommodation 


Thanks to its modular design, the ser- 
vice channel equipment can be matched 
to different applications and equipped 
with customer-oriented features. In one 
case the style 7R slide-in units are in- 
stalled in the service channel equipment 
for line terminating units and in the 
other case together with the service 
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Fig.5 Principle of delta modulation 


a Basic principle of delta modulation 
Signal waveform and quantization 

c Simplified functional circuit diagram for the CVSD method 
(CVSD continuously variable slope delta modulation) 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” a 


Network Management 


A/D Analog-digital conversion 

COU Four-wire coupler 

D/A Digital-analog conversion 

SC1,SC2 32-kbit/s service channel 

SD Speech detector (response time 1 ms, 


dropout time 10s) 


Fig.6 Speech-controlled through-connection 
of digital signals 
at intermediate regenerator stations 


channel equipment for two intermediate 
regenerators [1]. 


“Collective call” mode 


Fig. 7a shows the functional circuit dia- 
gram of the service channel facility in the 
version for collective call operation. An 
SCI (service channel interface) module 
is assigned to each of systems 1 and 2. 
By pressing the appropriate button 
Sys 1/2 it is possible to determine over 
which of the two main systems the col- 
lective call and the service call are to be 
transmitted. With the calling button the 
collective call is transmitted in both 
directions — continuous zero is injected 
into the two bit streams. If logical “O” is 
received for longer than 10 ms (320 bit 
periods) the call receiver responds; the 
call LED lights up and the built-in piezo 
signal tone generator sounds. 


When the answering switch (AS) in the 
service channel unit (SCU) is actuated, 
it can be heard in the handset whether 
the service channel is busy or free. The 
digital signal is still through-connected 
via the changeover contacts, so that no 
additional quantization noise is pro- 
duced. As soon as the subscriber starts 
to speak, the speech detector switches 
over the contacts. The digital signal for 
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MC 


Analog-digital conversion 
Answering switch 
Four-wire coupler 
32-kbit/s digital signal 
Digital-analog conversion 
Selection signal receiver (dual tone 
multifrequency) 

PABX 

Generator 

Loop contact 
Microcontroller 


Ruut 


‘ 


* Only at intermediate regenerator stations 
*™ Only in conjunction with terminal stations 


PABX-I_ Two-wire interface (PABX = private automatic 
branch exchange) 
RSE 25-Hz ringing signal evaluator 


SCE Service channel exchange 

SCD Service channel decoder 

| Service channel interface 

SCU Service channel unit 

Sys1/2 Switchover from system | to system 2 
HB Speech-controlled through-connection 
T/R Ringing signal transmitter/receiver 


Fig.7 Functional circuit diagram of the service channel facility 


a Operating mode “collective call” 


b Operating mode “selective call” 
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the outgoing directions is now supplied 
by the two analog-digital converters. A 
network couples the handset and han- 
dles the addition of the speech signals in 
conference operation. 


At terminal stations an SCU unit is allo- 
cated to each main system. Via the stan- 
dard four-wire interface with signaling 
wires (E&M interface) the service 
channel can be extended to a remote 
maintenance center (e.g. central service 
observation equipment). The two signal- 
ing wires are used for ringing signal 
transmission. 


At back-to-back terminal stations the 
service channel may be optionally con- 
nected via the 2PSK-192 interface in the 
digital plane or via the four-wire inter- 
face. In the case of VF through-connec- 
tion, however, the signal-to-noise ratio 
is reduced due to the quantization noise 
of a further analog-digital and digital- 
analog conversion. 


“Selective call’? mode 


An additional SCD module (SCD _ ser- 
vice channel decoder) and a handset with 
integral selection keypad permit exten- 
sion of the service channel facility for 
selective calling (Fig. 7b). The selection 
signals are transmitted by the dual-tone 
multifrequency (DTMEF) signaling meth- 
od in accordance with CCITT Q.23 [3]. 
Each selection signal is encoded with 
two different frequencies and transmit- 
ted inband. 


Fig. 8 shows the encoding law and its 
assignment to the keypad. The DTMF 
transmitter is integrated in the handset 
and transmits the corresponding fre- 
quency combination when a digit or 
symbol is selected. 


Fig.8 Encoding law 
for voice-frequency keypad selection 


On the SCU module the call number 
assigned to a selective call station is set 
with decadic switches. Depending on the 
number of stations and the numbering 
scheme, either two- or three-digit call 
numbers may be set. The DITMF 
receiver decodes the received selection 
signals and forwards them in binary 
form to the microcontroller for evalua- 
tion and processing. After reception of 
the first selection signal, which may be 
any signal, the “busy” LED lights up. If 
the further received selection signals 
agree with the set call number, the “call” 
LED lights up and the signal tone 
generator sounds. The ringback signal 
generator sends a 450-Hz tone to the 
subscriber as call confirmation. 


PABX interface 


For connection of a private automatic 
branch exchange or a _ public local 
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exchange, a PABX interface is provided 
on a two-wire basis. 


A hybrid with line balancing network 
makes the transition from the four-wire 
to the two-wire section. The DTMF 
receiver decodes the selection signals; 
evaluation and processing are per- 
formed by microcontroller. The PABX 
interface is likewise assigned a call 
number. If the set call number agrees 
with the received call number, the loop 
contact closes and seizes the line. The 
subsequently received selection signals 
are converted into loop pulses (60 ms/ 
40 ms) in accordance with the pulse dial- 
ing method. If exchanges with DTMF 
selection are connected, the selection 
signals are transparently through-con- 
nected. Calls from the exchange are 
evaluated by the call detector, the call 
lamp flashes and the signal tone 
generator sounds. If they are addition- 
ally equipped with C-wire connection 
(seizure criterion) all stations can be 
selectively dialed by the extension user. 


Concluding remarks 


In OWG systems for high bit rates it has 
become possible, by combining all addi- 
tional services to form one 48-kbit/s sig- 
nal, to dispense with separate fibers or 
copper wires for the service channel, the 
service channel signals being modulated 
onto the digital main signal. 


With this service channel facility the 
operating modes “collective call” and 
“selective call” can be realized easily. 
Moreover, connection can be made to a 
PABX or public local exchange. Adap- 
tation to customer requirements is thus 
possible, so that optimum operation 1s 
assured for both the network operator 
and the manufacturer. 
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The basic function of a_ service- 
optimized fault location and route moni- 
toring system is to provide quality 
assessments for the route as a whole in 
terms of its availability for voice and 
data transmission, without interrupting 
service. For this purpose, Siemens offers 
line terminating units (LE) with inte- 
grated supervision equipment, a por- 
table fault-locating set and supervisory 
control systems, FBZ40 and FBM40. 
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locating set and supervisory control 
equipment. 
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In the short-haul telephone network and 
in local networks, digital signals are 
chiefly transmitted at a basic bit rate of 
2048 kbit/s (2 Mbit/s for short) on the 
balanced copper pairs mainly of existing 
voice frequency (VF) cable. In recent 
years, these 2-Mbit/s routes have been 
increasingly used for data transmission. 
The CCITT has acknowledged this fact 
in Recommendation G.821 and has laid 
down quality criteria for the individual 
sections of an international digital con- 
nection. Account has been taken of the 
fact that transmission errors during data 
transmission directly result in mutilation 
of the wanted information, whereas bit 
errors during the transmission of coded 
telephone signals can often continue to 
be tolerated due to their greater redun- 
dancy. 


Equipment 


LE supervision unit 
at the terminal points 
(LE) of each DSGLA2 


Fault-locating set 
(OG2); can be 
connected to 


Supervision of the transmission 
quality of the digital signal received 
on the route and exchange sides 
(two error thresholds and 
additional information) 


Fault location in the event of 
interruption or quality degradation; 
measurement of route parameters; 


Design criteria 
for 2-Mbit/s transmission routes 


In accordance with the stringent quality 
requirements specified in CCITT 
Recommendation G.821, a bit error 
ratio of 10° is set as the performance 
objective when planning 2-Mbit/s trans- 
mission routes. Using statistical comput- 
ing methods, this takes into account the 
cable parameters, the signals of other 
services transmitted in the same cable 
and any impulsive noise. However, 
experience shows that under actual 
operating conditions the bit error ratio 1s 
significantly better than the design 
value. Service disruptions are therefore 
mainly due to cable faults and less fre- 
quently to equipment faults or to 
changes in equipment characteristics 


Without interrupting service 
at any time 


Outside normal service; 
no fault-locating channel 
required 


During operation via own 
fault-locating channel 
(if possible not in same cable) 


feeding LE maintenance and commissioning 
measurements using stress patterns 

FBZ40/FBM40 Measurement of transmission quality 

Service supervision at each regenerator output 

of individual (an error threshold and loss of 

regenerator sections pressure in regenerator closure) 


and LE, as part of a 
supervisory control system 


DSGLA _ Digital line section 


LE Line terminating unit 


Table Supervision and fault location method on 2-Mbit/s routes 
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(e.g. due to aging). For cable systems, it 
is generally necessary to calculate on the 
basis of up to 25 faults per year for every 
100 km. By way of comparison, only 
about 10% of route failures are due to 
faults in the transmission electronics. 


Quality assessments 
and fault location 


The methods listed in the Table are used 
to assist maintenance personnel in locat- 
ing faults. 


In the line terminating units (LE) of a 
digital line section (DSGLA2), the 
incoming 2-Mbit/s signals are continu- 
ously monitored for HDB3 code viola- 
tions (HDB3 high density bipolar of 
order 3). This is a pseudoternary code in 
which binary “1” bits are alternately 
reproduced by positive and negative 
pulses. This code is deemed to be vio- 
lated if 


e more than two consecutive “1” bits 
have the same polarity, or 


e asequence of more than three “0” 
bits occurs. 


In the event of a bit error ratio => 107°, a 
nonurgent (B) alarm is initiated, indicat- 
ing a change in the transmission charac- 
teristics. This enables action to be taken 
in good time to prevent longer outage 
times. A bit error ratio of = 10° or a 
loss of signal initiates an urgent (A) 
alarm, necessitating immediate action to 
locate the fault and repair the defective 
equipment. The latest generation of line 
terminating units can also transmit addi- 
tional indication messages to following 
evaluation equipment via a serial inter- 
face, e.g. in response to interruptions of 
the feeding current and detection of 
burst errors. In accordance with CCITT 
Recommendation G.821, these mes- 
sages can be used to provide an assess- 
ment of errored or degraded time inter- 
vals over a specified observation period. 


It is thus possible, without interrupting 
service, to assess the error performance 
of the route as a whole in terms of its 
availability for data transmission [1]. 


Siemens offers two types of equipment 
for determining the location of a fault on 
2-Mbit/s transmission routes. The type 
used depends on the maintenance 
philosophy or the size and structure of 
the network: 
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To trans- 
mission 
section 

in line 
terminating 
unit (LE) 


To power- 


TT) |) feeding unit 
ic | 4 (FSP) 


in the line 
terminating 
unit (LE) 


Fig. 1 Functions of the OG2 fault-locating set, which can be used both with power-feeding intact 
(orange-red area) and with power-feeding interrupted (yellow area) 


e Portable fault-locating set OG2 is con- 
nected to the feeding line terminating 
unit at the end of the DSGLA after 
interruption of service. As the transmis- 
sion channel is used as the fault-locating 
channel, no additional circuit is required 
for fault location. A second OG2 can 

be connected to a remote LE; thus, 
complete monitoring of the entire 
transmission link is possible. 


e FBZ40 supervisory control systems 
process continuously updated operation 
and maintenance data from line termi- 
nating units and regenerative repeaters 
and indicate service disturbances as well 
as failure of an equipment. An FBZ40 
system can monitor up to 16 parallel 
DSGLA2. The service supervision 
equipments are connected to a central 
station via a balanced circuit. 


A superordinate FBM40 system com- 
bines the signals from up to 63 FBZ40 
systems, so that all the 2-Mbit/s routes of 
a network comprising up to about 1000 
DSGLA2 can be monitored from one 
control center. This enables faults to 
be rectified selectively in the event of 
service disturbances. 


Portable fault-locating set OG2 


Fig. 1 shows the functions of the fault- 
locating set. It allows fault location to be 
performed 


e with power-feeding intact 
(orange-red area) and 


e with power-feeding interrupted 
(yellow area). 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


For feeding-circuit related dc measure- 
ments (shown in yellow in Fig. 1), the 
arrangement is as in Fig. 2. 


DC measurements 


The 2-Mbit/s regenerative repeaters are 
supplied from the terminal station with a 
constant 49 or 59 mA via the phantom 
circuit of the two balanced pairs used for 
transmitting the digital signal. The max- 
imum feeding voltage of the power- 
feeding unit 1s 200 V. 


The following dc characteristics on a 
DSGLA2 can be measured using the 
fault-locating set: 


e feeding voltage, 
e constant feeding current, 


e ground fault resistance in the power- 
feeding circuit. 


The results of these measurements are 
logged as reference values when com- 
missioning the system, so that any 
changes in the cable characteristics dur- 
ing operation or defects in the power- 
feeding units can be deduced from them. 
For example, by comparing the mea- 
sured values with the reference values of 
the power-feeding circuit it is possible to 
detect interruptions in individual con- 
ductors of a pair. 


A ground fault resistance of less than 
50 kQ impairs the symmetry with re- 
spect to ground of the power-feeding 
circuit to such an extent that the trans- 
mission system becomes increasingly 
prone to external interference. This 
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Terminal station A | 
| 


OG LE 


FSP Power feeding 
LE Line terminating unit 
OG _ Fault-locating set 


Route 


R Test resistor 
U Assumed break in pair 
ZWR _ Regenerative repeater 


Fig.2 OG2 fault-locating set connected in the power-feeding circuit 


Terminal station 
MUX LE 


a,b,c Test loops 


(selectable from fault-locating set) 
LE Line terminating unit 


Fig. 3 


often has the effect of intermittently 
increasing the bit error ratio. 


DC fault location 


If the power-feeding circuit is interrupt- 
ed, it is possible to use dc fault location 
to report “fault after ZWR section X.” 
For this purpose, a stabilized test volt- 
age is derived from the feeding voltage 
and reversed in polarity with respect to 
the normal feeding polarity. In each 
regenerative repeater, a_ high-value 
resistor (R) in series with a diode inter- 
connects the power-feeding paths of the 
two transmission directions (Fig. 2). In 
the operating state, the diode is noncon- 
ducting. If the polarity of the feeding 
voltage is reversed in the fault-locating 
set, a defined current flows through 
resistor R in each of the regenerative 
repeaters preceding the break. From 
this information the fault-locating set 
works out the location of the break. 
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MUX = Multiplex unit 
OG Fault-locating set 
ZWR __ Regenerative repeater 


Connection of the OG2 fault-locating set for pulse fault location (faults in the transmission path) 


If, for example, a break (U) has occur- 
red in the third regenerator section, then 
only the resistors R of the first two 
regenerative repeaters are connected in 
parallel. A current is able to flow 
through these resistors, indicating 
“interruption after ZWR2,” i.e. two 
regenerator sections are still operating 
normally. If the power-feeding loop is 
not broken, the operation of the feeding 
circuit is indicated as “OK.” 


For measurements extending beyond the 
power-feeding circuit, the pulse fault 
location arrangement shown in Fig. 3 is 
used. 


Pulse fault location 


If the power-feeding circuit is intact, 
pulse fault location can be used to locate 
defective regenerative repeaters and to 
check the bit error ratio of the entire 
DSGLA2 or of individual sections. For 


this purpose, the fault-locating set trans- 
mits a 2-Mbit/s test sequence containing 
one of up to 8 or 16 addresses (depend- 
ing on the equipment version). On 
detecting its address, a regenerative 
repeater selected in this way closes a 
loop from the transmit to the receive 
path and the fault-locating signal is fed 
back to the fault-locating set via the 
Opposite direction. 


The transmitted test sequence is 
designed to contain bit sequences not 
present during normal operation (with 
HDB3 code). This effectively prevents 
erroneous looping of the regenerative 
repeaters. 


Addressing method 


The fault-locating set contains circuits 
which produce a test sequence with a 
“... XXL LXX00XX1 LXX...” structure 
and a bit rate of 2048 kbit/s transmitted 
in AMI code (AMI alternate mark 
inversion). Bits with permanently 
assigned binary values “1” and “0” rep- 
resent the basic pattern or alignment sig- 
nal for the receive section, whereas the 
X bits (address information bits) are 
assigned values “1” or “0” as a function 
of a voice frequency square-wave signal. 
The address and hence the number of 
address information bits of identical 
content (binary value “1” during the 
positive half-cycle, “O” during the nega- 
tive) can be entered from the operating 
section. The address is detected in the 
regenerative repeater after demodula- 
tion by a selective filter whose resonant 
frequency is identical to the address fre- 
quency — this criterion is used for loop- 
ing-back the test signal. Another 
method of address detection available 
consists of “digitally” counting out the 
address information bits. 


Fault-locating set OG2 can be used for 
addressing not only the regenerative 
repeaters, but also the near- and far-end 
line terminating units as well as an 
associated fault-locating set. In order to 
check the route between two fault-locat- 
ing sets connected as route terminations, 
a pseudorandom pattern (2-1) is 
transmitted in HDB3 code and evalu- 
ated bit by bit in the remote station. 
Once again, it is possible to select either 
bit error ratio or single error measure- 
ment. 


The following modes can be selected for 
evaluating the performance: 
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FBZ40 supervisory control system 


Terminal Intermediate stations 
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Fig.4 FBZ40 and FBM40 supervision equipment in a 2-Mbit/s network 


e For severe quality impairments (10° 
to 10°) the “bit error ratio” function is 
used; the received signal is compared bit 
by bit with the transmitted test sequence 
and evaluated. 


e For sporadic error events, the “single 
error measurement” mode is available; 
the individual errors within any given 
test period are totaled and indicated. An 
error measurement jack is provided for 
connecting a counter to enable the error 
occurrences to be externally recorded. 


With the new generation of fault-locating 
units, additional quality and availability 
assessments of a route can be per- 
formed, in line with CCITT Recommen- 
dation G.821. In conjunction with a 
printer, the following criteria for assess- 
ing quality can be established and 
logged: 


e errored seconds, 

e severely errored seconds, 

e degraded minutes. 

In addition, these new fault-locating sets 
make it possible to check the NT1 (net- 


work termination) functions within a 
primary rate access (PMXA) [2]. 


Monitoring in the FBZ40 
supervision center 


The supervision criterion is again the 
evaluation of the HDB3-coded digital 
signals for code violations. The 2-Mbit/s 
signal is checked for code violations at 
the regenerator outputs using intermed!- 
ate-station supervision units, usually 
installed in the underground containers 
which also accommodate the 2-Mbit/s 
regenerative repeaters being monitored. 
If the bit error ratio is 10~*, an indica- 
tion is transmitted to the FBZ40 supervi- 
sion center. 


Terminal-station supervision units take 
over the fault indication “bit error ratio 
10°°” from the line terminating equip- 
ment and forward it likewise to the 
FBZA4O0 supervision center [3]. 


Synchronous control 


The supervision center is connected via 
an omnibus circuit to the intermediate- 
and terminal-station supervision units 
which are powered and synchronized by 
the central station. Synchronization is 
achieved by keying the feeding current, 
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Central station with 
decentralized display 
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Control center 
with central display and output 


which causes an electronic selector in 
the supervision equipment to apply a 
test circuit consecutively to the outputs 
of the monitored regenerators or line 
terminating units. If the test circuit 
detects that the specified bit error ratio 
has been exceeded in the particular 
regenerator or line terminating unit 
selected, this event is reported to the 
central supervision station using the sig- 
nal of a specific tone-frequency trans- 
mitter. 


The supervision center applies 33 step- 
ping pulses to the omnibus circuit 
to advance the electronic selectors in 
the terminal- and intermediate-station 
equipments. In selector positions 1 to 
32, one direction of the regenerator is 
monitored, and in selector position 33 
the air pressure contact of the under- 
ground container is monitored. 


The synchronous control facility simul- 
taneously runs an electronic selector in 
the supervision center. The particular 
selector position assumed in all the 
supervision equipments is indicated at 
its output. 
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Fig.5 The 2-Mbit/s output signals of the regenerative repeaters are checked for code violations in the 


intermediate-station supervision unit 


A stepping pulse (at approximately 3-s 
intervals) is 50 to 250 ms long; after 
33 pulses a synchronizing pulse (about 
500 ms) occurs which zeroes the selec- 
tors in all the supervision equipments. 


A predetermined DSGLA2 can be per- 
formance-tested over an extended 
period. For this purpose, transmission of 
the stepping pulses is interrupted and 
replaced by the transmission of a special 
step timing signal which locks all the 
selectors of the supervision equipments 
in the specified position. These equip- 
ments then calculate the bit error ratio 
of the 2-Mbit/s signal at all the moni- 
tored locations along the route every 4s. 


Evaluation in the FBZ40 supervision center 


The signals from up to 16 DSGLA2s of a 
route (corresponding to up to 18 indicat- 
ing stations each with 16 regenerative 
repeaters) are displayed on the display/ 
operating unit in the supervision center. 
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18 light-emitting diodes (LED) each 
identify an indicating station, i.e. a usu- 
ally unattended intermediate station; a 
block of LED displays indicates the 
selector position in the intermediate sta- 
tions, which advances with each step- 
ping pulse. This shows which DSGLA2 
is currently being supervised, while the 
single LED indicates, in the event of 
fault, the location at which the moni- 
tored DSGLA2 is disturbed. A second 
block of LED displays indicates the 
selector position at which the cycle has 
to be stopped for performance-testing 
an individual DSGLA2. This setting is 
selected using two keys. Signal changes 
and equipment faults are visually and 
audibly indicated on the display unit. 


Functional units 


Fig. 4 provides an overview of all the 
FBZ40 and FBM40 supervision equip- 
ment in a 2-Mbit/s network. 


Intermediate-station supervision unit 


In the intermediate-station supervision 
unit (Fig. 5), the 2-Mbit/s output sig- 
nals of the regenerative repeaters 
are checked for code violations, as 
described earlier. The code violations 
and loss of a timing signal derived from 
the 2-Mbit/s signal are totaled over a 
measuring period of 200 ms. More than 
32 errors during a measuring period cor- 
respond to a bit error ratio of = 107°; 
the subsequent alarm is transmitted to 
the supervision center by a_ tone 
generator. Each intermediate-station 
supervision unit contains its own tone 
generator, so that the location of the 
fault can be determined from the fre- 
quency of the tone generator. The 
closed-circuit operating tone generators 
are simultaneously used for monitoring 
the omnibus circuit. 


Terminal-station supervision unit 


The terminal-station supervision unit 
contains input switches with optocou- 
plers for isolation, via which the fault- 
signal contacts of the line terminating 
units are interrogated to ascertain their 
status. In the event of a fault, the par- 
ticular line terminating unit connected is 
at ground potential. 


Supervision center 


The supervision center (Fig. 6) consists 
of a supervision section, transfer sec- 
tion, power-feeding unit and power sup- 
ply. The supervision section in conjunc- 
tion with the main controller is individu- 
ally programmed to control all the con- 
nected supervision equipments and to 
drive the display of the current selector 
positions on the display and operating 
unit. The tone signals from the supervi- 
sion equipments along the 2-Mbit/s 
route are detected by up to 18 tone 
receivers, converted to dc signals and 
likewise forwarded to the display and 
operating unit. There, the defective 
regenerator can be identified using these 
two data. 


If a regenerator fault is found, the super- 
vision section interrupts selector step- 
ping until the alarm is acknowledged 
with a key. An automatic facility ensures 
that stepping recommences if no ac- 
knowledgement signal has arrived after 
about 60 s. In the subsequent cycle, the 
fault signal is repeated. This additionally 
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ensures that failure to acknowledge the 
alarm does not block the entire fault- 
locating system. 


The transfer section is only used when 
the supervision center and associated 
supervision equipment form part of a 
larger network. It then operates in the 
same way as an FBM40 substation with a 
sequence controller, one signal input, 
two signal outputs and a transmitter and 
receiver. The substation is polled by an 
FBM40 central station, i.e. it responds 
to each interrogation with a message 
containing the information that it 
receives from the supervision section. 


The latter can only transfer information 
when enabled to do so by the transfer 
section, i.e. only when polled by the 
central station or if the FBM40 substa- 
tion (transfer section) is permitted to 
transmit a spontaneous message. In this 
way, the cycle of the supervision section 
is matched to the cycle of the FBM40 
network. 


If an FMB40 central station with a dis- 
play facility is available in the network, 
the display is omitted in the FBZ40 
supervision center. 


The power supply is fed with a voltage in 
the range —36 to —72 V on the primary 
side. On the secondary side, it supplies 
the central supervision station with —24 
and +5 Vdc. The FBZ40 power-feeding 
unit is fed with the same voltage 
(between —36 and —72 V). This unit 
supplies the associated supervision 
equipment with a constant 20 mA. A 
maximum dc feeding voltage of 200 V is 
keyed by the main controller and is 
therefore used as carrier for the control 
and synchronization information for all 
the supervision equipment. 


teed 


Pa 


Fig.6 A supervision center consists of several 
sections: supervision section, transfer section, 
power feeding and power supply 


Combining data 
in the FBM40 central station 


All the information of the FBZ40 super- 
vision center can be transferred via its 
FBM40 section to a control center in 
which an FBM40 central station polls all 
the FBZ supervision centers. Informa- 


Network Management 


tion is then exchanged between the 
FBZ40 supervision centers and DBM40 
central stations with the aid of pulse 
messages which are converted to binary 
frequency-modulated tone signals for 
transmission Over a supervisory control 
circuit. 


In supervision networks of this kind, the 
cycle of FBZ40 supervision is matched 
to that of the FBM40 system before 
transmitting a stepping pulse by establ- 
ishing whether the FBM40 section of the 
FBZ40 supervision center is able to for- 
ward the expected information. 


A display unit must be centrally pro- 
vided for each supervision center in the 
network; the units in the control center 
are identical to those in the FBZ40 
supervision center. All the information 
can be optionally or additionally trans- 
ferred to a control center computer 
which is connected to the supervisory 
control circuit via an FBM40 central 
station. The computer is linked both to 
all the supervision centers and to the 
FBM40 primary central station. 


This computer produces an indication 
log in plain text and a general overview 
of the network status via a visual display 
unit or a printer. 


Additional functions provide for: 


e exclusion of supervision or continu- 
Ous supervision of a particular 2-Mbit/s 
circuit or supervision equipment, 


e cancellation of secondary fault sup- 
pression; indications caused by known 
faults are generally suppressed 
(secondary faults), 


e production of error statistics over 
various time intervals and 

e generation of a list of all the units 
excluded from supervision. 
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Hans Herkert and Gerd Sager 


O&M Systems 
Optimize Network Efficiency 


Supervisory control systems guarantee constant network availability 


and high transmission quality 


Any modern communication network, 
regardless of transmission capacity, is 
expected to provide continuous avail- 
ability. This availability depends not 
only on the reliability of the units and 
equipments employed, but also on the 
maintenance personnel responsible for 
the sometimes highly interconnected 
networks. The most important activities 
performed nowadays by maintenance 
personnel are network monitoring, fast, 
reliable fault location and the provision 
of rapid control, e.g. to switch over 
from defective equipment or disturbed 
transmission paths to standby equip- 
ments or circuits. In performing these 
functions, the maintenance personnel 
employ operation and maintenance sys- 
tems based on remote supervision and 
control components. These systems 
enhance communication network availa- 
bility and transmission quality and 
ensure improved, cost-effective utiliza- 
tion of capital investment in the network 
as a whole. 


Dipl.-Ing. Hans Herkert and 
Dipl.-Ing. Gerd Sager, 
Siemens AG, 
Transmission Systems, 
Munich 
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Supervisory control systems for com- 
munications applications are mainly 
used for controlling and monitoring 
information transmission equipments on 
the route and at specific sites. Users of 
the field-proven FB40, FBM40 and 
FBZ40 systems introduced by Siemens 
some years ago now include: 


e communications authorities at home 
and abroad (PTTs, broadcasting corpo- 
rations), 


e transportation undertakings (ship- 
ping, road, rail), 
e utilities (water, gas, electricity), 


@ various organizations, such as the 
police and military (NATO). 


New systems from the TCS 100 (telecon- 
trol system) range are used in the 
“network management” message trans- 
fer part. 


FB 40 supervisory control system 


The FB 40 system, comprising up to four 
central stations and several outstations, 
provides basically the features listed in 


Maximum 64 addresses 


Polling mode with spontaneous command facility 


Table 1. The operating status indications 
are fed to the FB40 outstations either 
directly or, in order to reduce the 
number of indications handled, via 
evaluation equipment. These indica- 
tions, which are acquired in parallel in 
the outstations and transmitted serially, 
are fed out again in parallel by the mas- 
ter stations via output units. The latter 
are connected to the lamps of the signal 
display desks via signal assignment dis- 
tributors providing full jumpering 
facilities (Figs.1 and 2). Control func- 
tions are initiated via command input 
units in the master stations and imple- 
mented by the output units in the outsta- 
tions. Many customers connect comput- 
ers to the supervisory control network in 
parallel with the master station in order 
to evaluate the messages and present the 
status of the monitored installation on 
visual display units or printers. The 
transmission section incorporated in the 
FB40 system, comprising a transmitter 
and receiver as well as a coupler, allows 
virtually all the usual network configura- 
tions (line, star, branch or ring) to be 


36 indication input points and 36 command output points per address 


Transmission of status indications, i.e. each interrogation message is followed by a reply message 


containing all the indications of the interrogated address 


Bit rate: 50 to 1200 bauds 
Message structure: 


Transmission medium: 


Transmission method: 


VF channel (four-wire) 


Start-stop character, constant message length; Hamming distance: D = 2 


Amplitude modulation, usual carrier 3000 Hz, 


required bandwidth 800 Hz at 200 bauds 
The band from 300 to 2400 Hz is intended for service channels, 
but can also be used as an additional data channel 


e Power requirements: 


19 VA for outstation, about 55 VA for master station 


Table 1 Characteristics and technical data of the FB40 supervisory control system 
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created. With the ring system, for in- 
stance, the voice-frequency (VF) circuit 
runs from the master station through the 
outstations and back to the master sta- 
tion. If the master station receives its 
own message at the other end of the cir- 
cuit, the ring is functioning correctly. If 
not, the master station must change the 
direction of transmission in accordance 
with specified procedures; it can then 


Lamp panel 
or - 
display console — 


OO OS 


receive all the outstations, even if the distributor 


circuit is interrupted and can locate the - . Max ) ae Maxi 
: omman aximum aximum 
break between two stations. oie aoe 1152 1 P eee 9 2304 


Command 


Indication 
output unit 


input unit 


FBM40 supervisory control system 


Process control 
computer 


With the introduction of reliable micro- 
processors and their peripheral devices, 
supervisory control technology entered 
a new phase of development culminating Master station - 
in the microcomputer-based FBM40 : 7 
system. The most distinctive feature of 
this system is that the master stations 
and outstations provide not only the par- 
allel input or output points but also 
serial I/O interfaces for connecting 
peripherals (Figs.3 and 4). The two fol- 
lowing examples indicate possible appli- 
cations: 


Transmitter 
and receiver 


_ Transmitter Ring -—| Transmitter 
_and receiver reversal and receiver 


Eeyore 


Transmitter 
and receiver — 


_ Transmitter 


Transmitter / u 
and receiver 


a es and receiver 
The indications are fed into the outsta- 
tions in parallel via relay contacts, trans- 
mitted serially to the master station, 
where they are fed via a serial interface 
to a computer, which displays them on a 
terminal (as required by the customer). 
Similarly, commands are transmitted to 
the master station serially and fed out at 


the outstations in parallel [1]. 


1 56 1 18 1 56 1 18 1 36 1 18 
Indications Command pairs Indications Command pairs Indications Command pairs 


Example 2 


Fig.1 Example of an FB 40 supervisory control installation 
A serial bit stream from the switching 
matrices of a high-capacity protection 
switching facility is sent to the outsta- 
tions, preprocessed, transmitted to the 
master station where it is fed, again via a 
serial interface, into a control desk and 
displayed (as required by the customer). 
Similarly, commands are transmitted 
from the control desk itself in serial form 
via the master station and outstations to 
the switching matrices where they are 
used to control information streams. 
The transmission section incorporated in 
the FBM40 system allows the same net- 
work configurations as the FB 40 trans- 
mission section. The computer, which — Fig.2 Lamp panel on the display console of an FB40 supervisory control installation 
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Date and - 
time-of-day clock 


Transmitter 
and receiver — 


ee ee ee eee eee eee 


Outstation 1 


1 


Address 
signal input 


Command pairs 


Ring 
reversal 


Outstation 2 


Process 
control 
computer 


Data procedure 


Master station 2 


Transmitter 
= ’ 
and receiver 


Transmitter 
and receiver 


Sequence 
controller 


Address z 


Data 
storage 


Data procedure 


Serial signal 
sources or sinks 
(e.g. switching 

matrix controller) 


Fig.3| Example of an FBM 40 supervisory control installation 


can be connected serially to the FBM 40 
master station, enables operating indica- 
tions and measured values to be 
prioritized and evaluated. Indications 
and measured values are arranged singly 
or in lists and displayed numerically — as 
well as alphanumerically in one or more 
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colors. These values can also be dis- 
played geographically, e.g. on network 
displays showing the operation of the 
monitored installation in four hierarchi- 
cal levels ranging from coarse down to 
fine resolution. However, it is also possi- 
ble for maintenance personnel to 


P2208 0 », 
ee 


\WA ANE 


DOAN AAA OA \ 
A AS 


Fig.4 Hardware of the FBM 40 supervisory 
control system for (a) lower and (b) higher 
transmission capacities 


actively optimize equipment operation 
using commands entered via keyboards. 
The computer system used in these mas- 
ter stations is either Siemens SMP or 
Intel 286/310. Figs.5 and 6 show the 
high-convenience equipment with color 
graphics as employed in a network ser- 
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vice supervision system. A visual display 
unit can be connected to facilitate pre- 
sentation and is controlled by software 
from the master station front end. The 
characteristics of the FBM40 system are 
listed in Table 2. 


FBZ40 remote supervision system 


Digital signals, transmitted for example 
on balanced cables in the 2-Mbit/s 
PCM 30 system are subject to external 
interference. This inevitably causes bit 
errors resulting in data transmission 
errors and, in extreme cases, in calls 
being lost. Most of these bit errors can 
be recorded as code violations and quan- 
tified. Data of this kind can be easily and 
reliably acquired with the FBZ40 
remote supervision system [2], which is 
designed for PCM routes using HDB3- 
encoded signals (HDB3 high density 
bipolar of order 3). Selectors cyclically 


Color monitor 
@ 16 colors 
@ 640 x 480 pixels 


Tracking ball and 
selector keys 


Computer system CPU 286 

@ 1-Mbyte main memory 

@ 15-Mbyte Winchester drive 

@ Disk drive 

@ Graphics controller 

@ Interface board for four 
supervisory control networks 


Fig.5 Example 
of a central service supervision position 


Network Management 


e Maximum 126 addresses, with a single station capable of serving up to 126 addresses 


e Serial interface at outstations and master stations employ RS232 and RS422 levels as well as asynchro- 
nous procedure for connecting other supervisory control systems, local area networks or computers 


e 32 indication input points and 32 command output points with TTL level or 24-V level per address 
e Polling and spontaneous mode 

e Transmission of status indications similar to FB40 system 

e Bit rate: 50 to 9600 bauds using suitable channel interface connections 


e Message structure: Synchronizing character at start, byte-oriented with CRC code 
Hamming distance: D = 4, constant message length 


e Transmission method: — Frequency modulation or digital 
e Transmission medium: VF channel or digital channel 
e@ Power requirements: Maximum 39 VA per station 


CRC Cyclic redundancy check VF Voice frequency 
TTL  Transistor-transistor logic 


Table 2 Characteristics and technical specifications of the FBM40 supervisory control system 


scan the outputs of the regenerators in code violations and report any errors 
underground containers and terminal present. The microprocessor-based 
stations, check the PCM information for main controller in the FBZ40 supervi- 


Fig.6 Individual components of a central service supervision position: 
memory unit and computer system, color monitor and “mouse” 
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1 to 64 output points 
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Indication 
expansion units 
4 analog inputs 


analog inputs 


4 
4 analog inputs } 


4 analog inputs 


Outstation 


Serial signal sources and sinks 


Ch Channel 
Fig.7 Example of a TCS 100 installation 


sion center automatically controls and 
synchronizes the rotation of the selector 
switches of the supervision modules in 
the underground containers. It can be 
changed over to manual operation so 
that the selectors can also be stepped 
round or stopped. Thus it is possible to 
monitor certain regenerative repeaters 
at any time. The FBZ40 master station 
displays the error indications and can 
also forward them via the FBM40 sys- 
tem to a remote maintenance center. 


The supervision system can monitor 
16 regenerative repeaters with 32 super- 
vision Outputs in 16 underground con- 
tainers, as well as 16 supervision outputs 
in the near-end and distant terminal sta- 
tions. The supervision equipments in the 
containers can be powered from a 
remote source. Service supervision is 
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| Signal 
fg outputs 


Eee 1to 32 input points 


1 to 8 output points 


To ‘Gm aes 
superordinate (= 
computers — —qrx 


Process 
Master station control 
computer 
Ch interface 
connection 
1 to 64 output points 1 to 64 input points 
eee eee | 
Indication 
expansion units 


— | 


DTU _ Data transmission unit 


described in greater detail elsewhere in 
conjunction with the fault location pro- 
cedure. 


As installations become more complex 
in terms of the volume of information 
they handle and the facilities they pro- 
vide, supervisory control techniques are 
increasingly being adopted in manage- 
ment systems as part of a sophisticated 
and comprehensive service management 
approach. In a disturbance or fault situa- 
tion, the effectiveness of an operation 
and maintenance system in linking sys- 
tem, system supervisor and action 
depends primarily on information being 
clearly displayed for the benefit of 
operating staff and on the response time 
of the operation and maintenance equip- 
ment used. 


64 indications 
a 
8 analog inputs Cidetation 


Standby path 


1 to 64 output points 


| Signal 
| gf outputs 1 
| | 


LS 
1 to 32 input points 


1 to 8 output poirits 


Serial signal sources and sinks 


MCfH_ Main connection for hotline 


An important advance in supervisory 
control transmission is the use of signal 
processors. These provide a much 
reduced susceptibility to interference, 
reduce the cost and complexity of the 
transmission hardware and allow a faster 
and more reliable throughput of mes- 
sages. Drawing upon the latest tech- 
nologies, it is possible for transmitters 
and receivers to be combined with a cou- 
pler for two- or four-wire circuits on a 
single module. 


TCS 100 supervisory control system 


Supervisory control features which can 
nowadays be implemented by computer 
communication using the new TCS100 
system are 


e the monitoring and control of pro- 
cesses, 
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e the processing and storage of indica- 
tions, 


e measured values and counts, 


e the issuing of commands for switching 
units in the stations and 


e the provision for operator control. 


Due to advances in technology and stan- 
dardization, it is possible to develop a 
new supervisory control or microcom- 
puter communication system, which can 
be used in wide area and in local area 
networks. Both these networks can be 
interconnected on a hierarchical basis. 
The computers are centrally controlled, 
but can also be controlled by one 
another. The communication network 
extends from twisted pairs in the local 
area network via public switching equip- 
ment through to alternate routing in the 
wide area network. 


le 


Process 
control 


computer 


Up to 288 ° 
input points ° 
Master gochey ke oe 
station ih: —_ Up to 8 ; ervice inse 
| output points _ ° era 
Serial bus 


9.6 kbit/s 


140/565-Mbit/s optical fiber 


Line terminating unit 


UART Universal Asynchronous Receiver/Transmitter 
x Data channel for 9.6 kbit/s 


The TCS 100 system already conforms to 
standards which are finding acceptance 
internationally: 


e interface levels in accordance with 
RS 232, RS 422 and RS 485, 


e X.21 interfaces for Datex-L switch- 
ing, X.25 for Datex-P switching, 
V.25bis for analog switching. 


e asynchronous data transmission pro- 
cedure per DIN 19244, 


e synchronous data transmission proce- 
dure with HDLC frame (HDLC _high- 
level data link control) per ISO 3309 and 
ISO 4335 (1984) or CCITT X.25 (1984). 


Wide area network 


In the wide area network, the stations 
can be interconnected via dedicated cir- 
cuits and/or the three switched networks 


9.6 kbit/s 


Regenerative repeater 


ACL 
XDI 


X control line 
X data input 


Fig.8 Supervisory control via data channels of the service inset (140/565-Mbit/s fiber-optic systems) 
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Up to 288 
input points ° 


Up to 8 ° 
output points ¢ 


Serial bus 
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for telephony, Datex-L and Datex-P 
(Fig.7). In addition, the service inset for 
fiber-optic systems (140 or 565 Mbit/s) 
with its muldex (multiplexer-demulti- 
plexer) units is suitable for transmitting 
supervisory control signals [3] (Fig.8). 


Local area network 


Each outstation has a serial RS 485 inter- 
face for connecting one or more micro- 
computers, which are linked to the out- 
station via a point-to-point or multipoint 
circuit. During polling, the individual 
microcomputers are interrogated in 
turn, with the outstation acting as “mas- 
ter”. The circuit connecting the mi- 
crocomputers and their data protocol, 
also known as the field bus, is charac- 
terized by the following features in 
accordance with the OSI model (OSI 


Open systems interconnection) [4]: 


Outstation 


140/565-Mbit/s optical fiber 


Line terminating unit 


XDO 
XT X timing 


X data output 
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Data network/ 
OSI model [4] 


Dedicated Datex-L Datex-P 


circuits 


Telephone 
circuits 


Layer 1 VF channel VF channel, {| CCITT X.21 | CCITT X.21 
(physical) in TCS100 external FM | interface, interface, 
system, modem, inter-| synchronous | synchronous 
integral face per up to up to 
FM modem CCHIT V.25 | 9.6 kbauds 9.6 kbauds 
with signal bis, asyn- 
processor, chronous 
asynchronous | up to 
up to 1.2 kbauds 
1.2 kbauds, 
or external 
modem, asyn- 
chronous up 
to 1.2 kbauds, 
synchronous 
up to 
9.6 kbauds 
Layer 2 Protocol per | ASCII charac-| ASCII charac-| HDLC X.25 
(data link) DIN 19244, | ters for ters for protocol, 
polling with dialing, then | dialing, then | spontaneous 
spontaneous | changeover to | changeover to | mode with 
mode DIN 19244 DIN 19244 slow polling 
protocol, protocol, 
spontaneous | spontaneous 
mode with mode with 
slow polling | slow polling 
FM Frequency modulation VF Voice frequency 


HDLC _ High-level data link control 


Table 3 Transmission characteristics of the TCS 100 supervisory control system 
for local and wide area networks 


Fig.9 TCS100 station of the new supervisory control system 


256 


Service channel 


(140/565 Mbit/s GF) 


CeITr X21 
interface, 
synchronous 
up to 

32 kbauds max. 


Protocol per 

DIN 19244, 
polling with 
spontaneous mode 


Layer I (physical) 
interface level per RS 485, 
bit rate up to 19.2 kbaud, 
no modulation, 
multipoint connection, 
length up to 1000 m. 


Layer 2 (data link) 

oO asynchronous transmission 
per DIN 19244, 

o polling, 

o up to 30 addresses. 


OOO 0 0 #8 


Input and output points of the outstation 


In addition to its serial interface, each 
outstation has 32 indication input points 
which can be expanded to 288 input 
points. The level of the input points is 
Q V and negative potential or 0 V and 
positive potential. Input points with 
optocouplers are available to provide 
isolation. A service display terminal 
makes it possible to select which level 
corresponds to the alarm or quiescent 
State at the input of an input point. The 
time of day is generally appended to 
each alarm change. 


It is possible to use four analog-digital 
converters instead of 64 input points 
(values of converter input: balanced, 
input voltage + 10 V, resolution 11 bits 
+ sign bit + overflow bit + error bit, 
conversion time 80 ms). 


In addition to its serial interface and 288 
input points, each outstation has a fur- 
ther eight relay outputs in the form of 
potential-free double-throw contacts. 
Each of the latter can be set by means of 
software via any make of display termi- 
nal for pulse output and single or double 
command output. 


Master station 


The master station polls the individual 
outstations via the wide area network or 
receives from them spontaneous mes- 
sages and passes on the status and indi- 
cation changes via the serial interface to 
a computer. Each data block is generally 
accompanied by the time of day. The 
computer interface is designed for the 
RS 422 level, the HDLC frame and the 
procedure per ISO 4335/1984. It is also 
possible to use other (e.g. asynchro- 
nous) procedures. Similarly, data blocks 
can be transmitted via this interface to 
the master station which passes on these 
blocks, properly coordinated in time, as 
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command or control messages to the 
substations. 


Indication output 


All the master stations can output the 
indications handled in the supervisory 
control network via output points on 
lamp panels. The output points can be 
electronically jumpered via any make of 
display unit in such a way that one or 
more Output points can be assigned to 
each input point. The range of data con- 
ditioning facilities (decoding, readabil- 
ity) now available to operating person- 
nel nowadays extends from the simple 
visual lamp displays through electron- 
ically jumperable LED display panels 
(LED light-emitting diode) to hardcopy 
alarm, disturbance and status logging via 
modern printing equipment. By consis- 
tently applying state-of-the-art technol- 
ogy, Siemens is able to offer protocols, 
which can be invoked in time or space 
via VDU or printer, and pseudogeo- 
graphical network displays with distur- 
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bance or fault insertions on graphics ter- 
minals (Figs.5 and 6). It is also possible 
to provide the facility, often required by 
users, Of self-editable output of indica- 
tion texts, in some cases with additional 
notes from external stores. Interfaces to 
peripheral units enable the user to con- 
nect data terminals to remote stations. 
Operator prompting is menu-driven via 
the VDU keyboard (using a main menu 
and several submenus). This method 
enables access to services to be pro- 
tected by a password. The display is 
designed so that the date and time of day 
are available in all the stations. A line at 
the bottom of the screen is provided for 
alteration messages, e.g. address and 
indication changes. 


Table 3 shows the transmission charac- 
teristics of the TCS 100 system. 


Outlook 


Supervisory control is one of the most 
important and critical systems in net- 
work management for network automa- 
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tion. By transmitting actual/nominal 
states and data for ensuring service reli- 
ability, it enables decentralized proces- 
ses to be clearly displayed on central 
data or graphics terminals. 


The new TCS100 series of equipment 
(Fig.9) provides the tools for solving 
network management problems. They 
collect, transmit reliably and deliver 
data for centralized operation and 
maintenance. In addition, they provide 
decentralized supervision or control of 
technical facilities in various fields of 
application in both wide area and local 
area networks. The overriding advan- 
tage of digital supervisory control is that 
the requirements imposed by standards, 
specifications and official regulations for 
particular applications can be fully met 
with this Siemens system. Even more 
importantly, due to its advanced system 
architecture and high degree of reliabil- 
ity and versatility, it is designed to cater 
for future user requirements more easily 
than before. 


[4] ISO 7498, Information processing systems — 
open systems interconnection — basic reference 
model 
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Fiber-Optic Technology 


Princioles of Fiber-Optic Systems 


It is only 16 years since Corning Glass 
Works published a report in the USA on 
the fabrication of optical fibers with a 
loss of only about 20 dB/km - a figure 
substantially lower than the optical 
attenuation commonly encountered in 
optical fibers at that time. Now seen as 
something of a landmark, this event trig- 
gered extensive research and develop- 
ment activity worldwide in the field of 
fiber-optic systems. Today, fibers with 
an optical attenuation of only 0.2 dB/km 
can be routinely fabricated on a large 
scale. 


After describing the principles of light 
guiding, the article focusses mainly on 
the transmission characteristics of opti- 
cal fibers. 


Dr. phil. Gunter Zeidler, 

Siemens AG, 

Public Communication Networks, 
Munich 


(| Fiber-optic cable - the backbone of universal 
communication systems 


Light rays 
in a step-index fiber 


The light-guiding properties of optical 
fibers can be precisely described using 
the wave equation. Taking into account 
the boundary conditions of the fiber 
structure, this equation yields eigen- 
values representing the various propaga- 
tion modes supported by a circular, 
dielectric waveguide. Apart from this 
mathematically exact representation, a 
pictorial description using light rays is 
adequate in many cases. 


This applies particularly to fibers whose 
core dimensions are considerably great- 
er than the optical wavelength and 
which can therefore support many dif- 
ferent modes (multimode fibers). Exam- 
ples include step-index silica fibers with 
core diameters of 100 or 200 um, or step- 


y Ray angle inside fiber 

0 Ray angle in free space 
nx Core refractive index 

Ny Cladding refractive index 


Fig.1 Ray diagram for a step-index fiber 
(not to scale) 
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index fibers made of thermoplastic 
materials (acrylic glass) with core diame- 
ters of up to 1 mm, such as are used for 
short transmission links in industrial 
applications. With simple fibers of this 
kind, a circular glass core is surrounded 
by a cladding whose refractive index 
(ny) is slightly (e.g. 1%) lower than the 
core refractive index (nx). All the light 
coupled into the fiber core such that its 
direction of propagation deviates from 
the fiber axis by no more than the criti- 
cal angle (y) is therefore guided along 
the stepped refractive index profile of 
the fiber by total internal reflection. 


Fig. 1 shows a longitudinal section 
through a step-index fiber. All the light 
rays incident at the end face of the fiber 
within the acceptance angle (+4) are 
guided as the result of total internal 
reflection. From the laws of refraction of 
light it follows that: 


n 
cosy =—"; 


K 
sin6 = Ay = ng: siny = Vni — n2,. (1) 


The sine of the acceptance angle is 
termed the numerical aperture (Ay) of 
the fiber. This parameter is particularly 
important for coupling multimode fibers 
to LEDs, because the optical power that 
can be launched increases as the square 
of the numerical aperture (and also as 
the square of the core diameter). 


Typical Ay values for step-index fibers 
are between 0.2 and 0.3, corresponding 
to an acceptance angle of 11.5 to 17.5”. 
It must be noted, however, that the dif- 
ferential delay of the rays depicted in 
Fig. 1 also increases as the square of the 
numerical aperture, thus limiting the 
transmission bandwidth. Typical step- 
index fibers have length-bandwidth 
products of 10 to 20 MHz: km. 


asa 
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An 


i.e 
a Core radius 
Ay Numerical aperture 
b Cladding radius 
nx Maximum core refractive index 


Any Refractive index difference between core and 
cladding glass 


Fig. 2 Cross-section and graded index profile 
of an uncoated multimode fiber 

with 2a = 50 um, 25 = 125 um, ny ~ 1.45, 
Any = 0.014 and A, = 0.2. 

The real fiber always has a plastic coating 

with an outside diameter of 250 um 

and a refractive index of about 1.52 


Fig.3 Ray diagram for a graded-index fiber 


Light rays in a graded-index fiber 


In the case of graded-index fibers, this 
bandwidth limitation due to differential 
mode delay is largely avoided by suit- 
ably doping the fiber so that the re- 
fractive index decreases parabolically 
with radial distance from the fiber axis 
(Fig. 2). In this rotationally symmetrical 
index slope the light follows an undulat- 
ing course with a period of a few milli- 
meters instead of zig-zagging (Fig. 3). 
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The greater length of the more devious 
trajectories is partly compensated by the 
fact that the light outside the fiber axis 
travels faster (due to the index slope). 
This built-in delay equalization ensures 
that a light pulse composed of various 
ray trajectories becomes only slightly 
wider as it is transmitted along the fiber. 
It is now possible to fabricate graded- 
index fibers whose index profiles are 
so close to the ideal parabolic profile 
that, for an optical propagation delay of 
5 us per km of fiber, differential mode 
delays of only 0.1 ns/km occur. 


This slight pulse spreading in the time 
domain can be represented in the fre- 
quency domain as a low-pass filter 
response. For system calculations, the 
graded-index fiber can be assumed to a 
first approximation to be equivalent to a 
Gaussian low-pass filter. For simple 
dimensioning, the cutoff frequency of 
the low-pass filter (the “bandwidth” of 
the graded-index fiber) is usually ade- 
quate; this is the modulating frequency 
at which the magnitude of the optical 
power modulation has decreased by 
3 dB. 


In glass, the refractive index and the ve- 
locity of the light depend to a small 
extent on the wavelength. Conse- 
quently, the delay equalization caused 
by the index slope only has its full effect 
at a single optical wavelength. At this 
wavelength the fiber bandwidth is there- 
fore at its maximum, while for all other 
wavelengths it decreases similarly to a 
band-pass filter characteristic (Fig. 4). 
The location of the bandwidth maximum 
depends on the specific glass composi- 
tion used and the precise profile. 
Graded-index fibers were initially fabri- 
cated with a bandwidth maximum at 
around 850 nm, as demanded by the 
applications. Today, almost all fibers are 
of the second-window type, in which the 
bandwidth maximum occurs around 
1300 nm. 


In all optical measurements on graded- 
index fibers it should be noted that, due 
to the parabolic index profile, the numer- 
ical aperture (1) of this fiber decreases 
with radial distance from the fiber axis. 
This relationship is shown in the “phase- 
space diagram” in Fig. 5, in which the 
squared and normalized numerical aper- 
ture and radius produce a simple linear 
relationship. Only light rays whose para- 
meters (radial distance and angle) are 
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A First-window fiber 
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Fig.4 Length-bandwidth product (b,) of two 
different graded-index fibers 
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Fig.5 Numerical aperture (Aj) of a graded-index 
fiber as a function of the radial distance (r) from 
the fiber axis 


within the triangle indicated are guided 
in long graded-index fibers without addi- 
tional loss. This peculiarity has to be 
taken into account in loss and bandwidth 
measurements, as only signal generators 
with a defined optical power distribution 
may be used. The following launching 
methods have become standard: 


e 70% launch method 
This restricted launch method involves 
the use of a suitable combination of 
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lenses and aperture stops to form a ray 
of light filling approximately 70% of the 
core diameter and 70% of the numerical 
aperture. This launch condition 1s indi- 
cated by a broken line in Fig. 5. 


e Launching-fiber or mode-mixer 
method 

Here the output of the signal generator 
is itself a graded-index fiber whose 
optical power distribution is made to 
approach the defined state by the use 
of a long fiber (e. g. 300 to 500 m) or 
Statistical bending in a short fiber 
(mode mixer). 


An approximation to the correct launch 
condition is achieved for the graded- 
index fiber defined by CCITT (with a 
cladding diameter of 125 um, a core 
diameter of 50 um and a maximum num- 
erical aperture of 0.2) if two conditions 
are fulfilled. First, the bell-shaped radial 
light distribution (near field) must have 
a half-power diameter of approximately 
26 um after 2m. Second, the associated, 
similarly bell-shaped light distribution as 
a function of the angle (far field) must 
exhibit half-power points equivalent to a 
numerical aperture of 0.11. 


Wave propagation 
in a single-mode fiber 


If the core diameter 2a of a step-index 
fiber is reduced such that the condition 


y= 22 a: Ay<24 (2) 
is satisfied, only one waveform (one 
mode) can be supported. The bandwidth 
limitation inherent in multimode fibers 
due to differential mode delay does not 
apply to a single-mode fiber of this kind, 
whose main advantage is its large trans- 
mission bandwidth in the single-mode 
operating range. Its disadvantage, how- 
ever, is its small core diameter which 
makes splicing difficult and into which 
sufficient optical power can only be cou- 
pled using very high radiance optical 
sources (laser diodes or powerful 
LEDs). 


Fig. 6 shows the basic structure of a 
single-mode fiber with step-index pro- 
file. Its design parameters are consid- 
ered briefly below with the aid of a 
numerical example. 


For a refractive index difference of 
0.3%, equation (J) gives a numerical 


aperture of 0.11, and with a core diame- 
ter of 2a = 8.7 um, equation (2) gives a 
cutoff wavelength of A, = 1.25 um, for 
which condition (2) 1s just satisfied. For 
all wavelengths greater than /, the fiber 
is therefore single-mode, and its field 
distribution is approximately Gaussian. 
As shown in Fig. 7, the power density of 
the fundamental mode extends outside 
the core region by varying amounts. For 
values of A > A, the light penetrates 
increasingly deeply into the cladding 
region, resulting in increased radiation 
losses at fiber bends. For this reason the 
fiber is normally operated in the A, = A 
< 1.3 A, region. In Fig. 7 the power dis- 
tribution is given for a few typical values 
of the structural parameter (v) defined 
in equation (2). 


Since the various paramaters of a single- 
mode fiber, such as numerical aperture, 
precise shape of the step-index profile 
and core diameter, are difficult to mea- 
sure individually, it was proposed that 
the single-mode fiber should be charac- 
terized by quantities directly relevant to 
the user. 


These mainly include: 
e Mode field diameter 


This is the diameter at which the optical 
power distribution (Fig. 7) has 
decreased to the value e *. It is mea- 
sured at the operating wavelength of 
1300 nm and, for example, is standard- 
ized at 10 + 1 um. A simple mea- 
surement can be performed using the 
displacement method, whereby a rela- 
tively short length of single-mode fiber 
(approximately 2 m) is cut in the middle 
such that the cleaved surfaces are as per- 
pendicular as possible. If one end face 1s 
shifted laterally with respect to the 
other, the transferred optical power 
changes. The mode field diameter is 
given by the distance between the two 
points at which the transferred power 


has decreased to the value e7!. 


e Effective cutoff wavelength 


The limit defined in equation (2) for the 
single-mode operating range applies to 
an ideally straight optical fiber. In real- 
ity, however, the fiber is always curved, 
either due to the stranding in the cable 
or to the cable laying process. At these 
bends the next higher-order modes still 
supportable at shorter wavelengths are 
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a Core radius 

b Cladding radius 

nk Maximum core refractive radius 

Anx Refractive index difference between core 
and cladding glass 


Fig.6 Cross section and step-index profile of an 
uncoated single-mode fiber with 2b = 125 wm and 
ny ~ 1.45. The real fiber always has a concentric 
plastic coating with an outside diameter of 250 um 
and a refractive index above that of the cladding 
glass 


Naa 
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Normalized radius (r/a) ——» 


Fig. 7 Power density of the fundamental mode for 
various values of the structural parameter (¥) 


heavily attenuated. The attenuation due 
to bending permits a simple measure- 
ment of the effective cutoff wavelength 
(A, er) for a short length of fiber. For 
this purpose, a length of of fiber (e.g. 2 m) 
is inserted in an attenuation test set. The 
curvature of the installed cable is simu- 
lated by means of a loop with a diameter 
of 160 to about 280 mm. If a loop with a 
diameter of 30 mm is now introduced in 
addition to this reference bend and the 
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Fig.8 Measurement of the effect cutoff wavelength (A, .) from the additional loss of a 30 mm 
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Fig.9 Attenuation spectrum for a graded-index fiber and a single-mode fiber 


resulting additional loss is measured, the 
wavelength-dependent response shown 
in Fig. 8 is obtained. In the wavelength 
range between 900 and 1200 nm the 
radiation of the two next higher-order 
modes results in an attenuation peak of 
4.8 dB, which decreases abruptly 
towards longer wavelengths. The 
wavelength at which there is an addi- 
tional loss of 0.1 dB can be easily read 


242 


off and is denoted A, oi. Fig. 8 also 
shows the radiation of the fundamental 
mode at the 30 mm bend in the wave- 


length range between 1400 and 1600 nm. 


Because of manufacturing tolerances, 
the cutoff wavelength varies within a 
certain range. The single-mode fibers 
commonly in use today have effective 
cutoff wavelengths in the range between 
1130 and 1270 nm. 


Fig. 10 End faces of a graded-index fiber (top) 
and of a single-mode fiber (bottom); outside 
diameter of the fibers 125 um 


Comparison of graded-index 
and single-mode fibers 


Fig. 9 shows the attenuation curves of 
typical graded-index and single-mode 
fibers of the type fabricated on a large 
scale using the outside vapor deposition 
process. 


As it requires less core doping and con- 
sequently introduces lower scattering 
loss, the single-mode fiber exhibits low- 
er overall attenuation than the graded- 
index fiber; a figure less than 0.4 dB/km 
at A = 1300 nm can be assumed. 
(Optimum values at 4 = 1300 nm and 
A = 1600 nm are 0.32 and 0.16 dB/km, 
respectively.) Apart from the water 
band at 1390 nm, the spectrum exhibits 
another apparent attenuation peak 
caused by radiation of the light guided in 
the higher-order modes. 


Fig. 10 shows a comparison of the 
etched end faces of a graded-index fiber 
and a single-mode fiber. Etching makes 
the fiber core more clearly visible. 


Designing fiber-optic 
cable systems 


Loss and bandwidth are the most impor- 
tant parameters in designing fiber-optic 
cable systems. Both parameters are 
referred to the optical power which the 
fiber is required to transmit under 
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specified operating conditions. Methodi- 
cal system design is only possible if all 
the level and attenuation data are refer- 
red to a field condition varying as little 
as possible along the link (steady-state 
condition). For measurements on 
graded-index fibers the limits indicated 
in Fig. 3 must be taken into account, 
while for measurements on single-mode 
fibers the leaky waves and cladding 
modes that are usually still present after 
launching must be carefully stripped. 


Provided these conditions are satisfied, 
the individual loss contributions of a 
number of fiber lengths, connectors and 
splices connected in series can merely be 
added. The loss of a complete cable sys- 
tem is thus given by the loss of all the 
installed factory lengths plus the loss of 
all splices and connectors. It must also 
be remembered that a cable system is 
planned for a given operating life. It is 
therefore necessary to allow for the fact 
that, during the lifetime of the system, 
new cable sections will have to be 
spliced in as a result of construction and 
excavation work, cable rerouting, etc. 


The size of the margin required depends 
on local conditions. To allow for these 
eventualities, a specific margin per 
kilometer of the cable system can be 
applied (e.g. 0.2 dB/km), or a fixed 
margin can be planned in for the system 
as a whole (e. g. 6 dB). 


While loss planning is_ therefore 
extremely simple, bandwidth planning 
must take account of several effects and 
the factors governing them: pulse 
spreading due to material dispersion, 
waveguide dispersion and the differ- 
ential delays of the individual modes in 
the case of multimode fibers. 


Bandwidth limit 
due to material dispersion 


Optical transmitters always emit in a 
particular wavelength band around a 
given center wavelength. Light com- 
ponents of different wavelengths, more- 
over, propagate in the fiber at different 
rates (material dispersion), giving rise to 
pulse spreading which increases linearly 
with the fiber length (L). The cutoff 
frequency (B,) of the resulting low-pass 
filter thus decreases in inverse propor- 
tion to L: 


5, = b, - la. (3) 


by: Ad 
1000 


GHz:km:-nm 


100 


Fiber-Optic Technology 


800 900 1000 1100 


1200 1300 1400 1500 1600 


Wavelength ——» 


Fig. 11 Effect of material dispersion, illustrated by the example of the product of bandwidth, length and 


optical linewidth (b, - AA) 
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Fig.12 Length-bandwidth product of a single-mode fiber for lasers with various linewidths (AA) 


The length-bandwidth product (b,) 
characterizing the material dispersion is 
a function both of the optical linewidth 
(AA) of the optical transmitter and of the 
dispersion properties of the type of glass 
used. In the case of doped silica glasses, 
the material dispersion exhibits a mini- 
mum in the wavelength range around 
1300 nm, giving a maximum of 5,. In 
Fig. 11 the length-bandwidth product 
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based on the material dispersion (b,), 
multiplied by the optical linewidth (A), 
is plotted as a function of the optical 
wavelength. At 1310 nm it attains values 
in excess of 1000 GHz - nm. For a typical 
laser diode operating in the region 1300 
+ 30 nm and with an optical linewidth 
of AA = 5 nm, this yields values of b, > 
30 GHz - km. However, for an LED 
operating in this region at AA = 100 nm, 
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only a little over 1 GHz - kmis available. 
In the case of an LED with a wavelength 
of 850 nm, only bandwidths of less than 
100 MHz - km are possible. 


Bandwidth of cable systems 
employing single-mode fibers 


The main consideration in bandwidth 
planning for single-mode fibers is mate- 
rial dispersion. A small contribution is 
still made by the waveguide dispersion 
due to the wavelength dependence of 
the propagation constant of the funda- 
mental mode. However, for the first 
generation single-mode fibers available 
at present, as described in Fig. 6, this 
contribution is so small that in the 
single-mode range it is the material dis- 
persion (Fig. 11) that mainly determines 
the bandwidth performance. 


Fig. 12 shows the length-bandwidth 
product of a standard single-mode fiber, 
calculated for various transmitter line- 
widths from measurements using a 
Raman laser. At 1600 nm the bandwidth 
has already decreased to about one fifth 
of its value at 1300 nm. In addition to 
this type of single-mode fiber optimized 
for the 1300 nm range and with a mode 
field diameter of 10 + 1 um and a step- 
index profile, other fiber designs have 
already been studied. With these 
designs, the waveguide dispersion is 
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made to compensate the material disper- 
sion by adopting special core profiles 
and by segmenting the core into several 
layers. In this second generation of 
single-mode fibers it has thus been possi- 
ble to shift the point of zero dispersion 
and hence the bandwidth maximum to 
A = 1550 nm. Thus, for the first time 
the loss minimum and the bandwidth 
maximum for this fiber coincide at 
a specific wavelength. 


In addition to material and waveguide 
dispersion, it is also necessary to take 
into account the differential delay of the 
two polarizations possible in circular- 
symmetric single-mode fibers. However, 
this effect is negligible if fibers with good 
core circularity and incoherent detectors 
are used. The length dependence of the 
bandwidth can therefore be planned on 
the basis of a linear correlation in 
accordance with equation (3). 


Bandwidth of cable systems 
employing graded-index fibers 


When planning the bandwidth require- 
ments of cable systems with graded- 
index fibers it is necessary to allow for 
the delays of the individual modes 
(expressed by a low-pass cutoff fre- 
quency B,) and also the limiting effect of 
material dispersion (low-pass cutoff 
frequency B,). These two effects can 
be combined by connecting in series 


e Mahlke, G.; Gossing, P.: Lichtwellenleiter- 
kabel. Erlangen, Munchen: Siemens-Verlag 
1986 


the two equivalent low-pass filters with 
cutoff frequencies, B, and B;: 


f° =8,° +5," . (4) 


Whereas B, can be readily determined 
from the length (L) with the aid of equa- 
tion (3) and Fig. 12, the length depen- 
dence of B, is somewhat less clear. 


Converting the normalized length-band- 
width product (b,) of the factory lengths 
to the route bandwidth (B,) is extremely 
complex and is still not fully understood. 


The bandwidth of a long link initially 
decreases in inverse proportion to the 
length. However, on sections longer 
than the coupling length the bandwidth 
is predicted as the square root of the 
length owing to the effects of mode mix- 
ing at discontinuities (splices, bends) 
and the statistical distribution of slight 
profile variations between concatenated 
factory lengths. 


An empirical approximation is possible 
by applying the exponential law. 


ee oa (5) 


Widely varying values of y have been 
published; at the present time, values 
between 0.7 and 0.9 are recommended 
for a rough estimation. If precise band- 
width planning 1s required, it is advis- 
able to use single-mode fibers under all 
circumstances. 
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Industnal Manufacture 
of Optical Fibers 


On July 25, 1986 the first German opti- 
cal fiber manufacturing plant was inau- 
gurated in Neustadt in northern Bavaria 
— a joint project of Siemens AG, Berlin 
and Munich, and Corning Glass Works, 
Corning (USA). In a clean-room envi- 
ronment, hair-thin optical fibers are pro- 
duced by the outside vapor deposition 
(OVD) method developed by Corning 
Glass Works. In the initial capacity stage, 
over 100,000 kilometers of single-mode 
fiber are to be produced annually for the 
domestic and international markets. A 
completely self-contained reprocessing 
system for the whole plant ensures well- 
balanced environmental conditions in all 
phases of the chemical processes. 


Dipl.-Ing. Timothy Francis Columbia, 
Dipl.-Ing. (FH) Horst-Udo Raab and 
Dip!.-Okonom Werner Renken, 
Siecor GmbH & Co. KG, 

Neustadt 


Back in 1973 Siemens AG, Berlin and 
Munich, and Corning Glass Works, 
Corning (USA) founded a joint venture, 
Siecor GmbH, Munich, primarily for 
marketing optical fibers. This brought 
together a supplier of high-quality glass 
and a leading cable manufacturer. The 
production company set up in 1985, 
Siecor GmbH & Co. KG, which started 
with an annual output of 100,000 
kilometers of fiber in the plant in Neu- 
stadt (Fig. 1) will gradually be expanded 
to an annual capacity of over a million 
kilometers of fiber, in order to provide a 
flexible response to the rapidly growing 
market demand. 


The technical know-how for the man- 
ufacture of optical fibers was transferred 
directly from Corning Glass Works to 
the manufacturing plant in Neustadt. 
Engineers from Corning provided their 
knowledge and experience to ensure a 
smooth start to production from the out- 
set. All stages of production were care- 
fully documented to assure a consis- 
tently high standard of quality. Close 
communication between the USA and 
the Federal Republic of Germany is 
maintained to ensure that the latest 
techniques are always available. 


Manufacturing process 


The plant built jointly by Siemens and 
Corning Glass Works is designed for an 
initial annual capacity of 100,000 km of 
optical fiber. It incorporates all the 
facilities required to permit smooth 
expansion to an annual output of 
200,000 fiber kilometers. These quan- 
tities may be more meaningful if one 
considers that 100,000 km of optical 
fiber weigh only 2.5 t. In practical terms 
this means that the plant in Neustadt will 
only produce between 10 and 20 kg of 
optical fiber per day. 
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The new plant in Neustadt will not, 
therefore, be processing large quantities 
of materials. In the manufacture of opti- 
cal fibers it is purity and precision that 
are of prime importance. Because opti- 
cal fibers are sometimes also referred to 
as “glass fibers,” this might suggest that 
large melting furnaces are used like 
those familiar from the glass industry. 


In fact, the production process in the 
optical fiber plant in Neustadt bears no 
resemblance to this at all. It is more like 
that employed in a modern semiconduc- 
tor factory, because the raw materials 
used for producing optical fibers also 
have to be extremely pure. Impurities in 
the raw materials of only a few foreign 
atoms per billion are sufficient to raise 
the kilometric attenuation, one of the 
principal fiber characteristics, beyond 
the permissible limits and thus render 
the fiber useless. The raw materials are 
therefore conveyed from the shipping 
containers to the processing point in her- 
metically sealed pipeline systems. This 
ensures that no contamination can pene- 
trate from the outside into the hermeti- 
cally sealed system. 


A further consequence of the stringent 
purity requirements is that all produc- 
tion areas are air-conditioned with air 
that has been filtered to remove dust, 
thus providing a clean-room environ- 
ment (Fig.2). 

The other essential requirement for the 
production of optical fibers is extreme 
precision. As already mentioned, the 
quantities of material processed are very 
small. The finished optical fiber is no 
thicker than a hair (Fig.3). This thin 
silica thread incorporates carefully con- 
trolled variations in refractive index to 
ensure ideal propagation conditions for 
the light with which the information is 
finally transmitted. These precision 


245 


Fiber-Optic Technology 


— ie TT 


sam PPE) SE) 225) 


Fig. 1 The new optical fiber plant of Siecor GmbH & Co. KG in Neustadt in northern Bavaria (photo: Architekturbiro W.H. Eiffler, Munich) 


requirements can only be met if material 
flows in the region of a few cubic cen- 
timeters per minute are measured very 
accurately. The manufacturing equip- 
ment combines precision engineering 
with ultra-modern measurement and 
control technology. 


Preparation of silica glass 


In the processing of raw materials to 
form optical fibers, the most important 
rule is extreme care in the various pro- 
duction steps. The first of these steps is 
the deposition of high-purity silica pow- 
der in order to obtain the preform 
(Fig.4a). For this purpose a substrate 
rod is clamped in a fully sealed deposi- 
tion lathe. The necessary raw materials, 
of which the most important are ultra- 
pure silicon tetrachloride, high-purity 
oxygen, methane, as well as small quan- 
tities of germanium tetrachloride, are 
fed to a burner. The silica powder result- 
ing from the combustion is deposited on 
the rotating substrate rod, producing a 
porous cylinder which finally reaches a 
weight of several kilograms. In addition 
to silicon dioxide, i.e. silica powder, 
water vapor and hydrogen chloride are 
produced. Since the deposition lathe is 
completely sealed, there is no problem 
in feeding the by-products into a closed 
reprocessing system. 


Like all subsequent production stages, 
this initial processing step is controlled 
via a control processor system. The 
operating personnel for the deposition 
lathes can, for instance, read off the 
status of the production process at any 
given time from the monitor, and per- 
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form any necessary corrections by 
touching the screen in prescribed areas. 
The finished preform is_ carefully 
removed from the deposition lathe and 
measured. 

In the next production step (Fig.4b) the 
material of the preform, which is still 
porous, is sintered to form clear silica 
glass. At the same time, residual quan- 


tities of water, resulting from the deposi- 
tion of silica powder, are washed out of 
the preform at high temperatures with 
chlorine gas. This process also yields 
small quantities of hydrogen chloride 
which are again fed into the closed 
reprocessing system. The glass rod pro- 
duced at this stage can now be drawn to 
form the actual fiber, the internal struc- 


Fig.2 Extensive air-conditioning equipment establishes the clean-room environment required 
for the production of optical fibers 
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ture of the glass rod already correspond- 
ing to the later structure of the optical 
fiber. 


Fiber drawing 


In order to draw the preform into fiber, 
it is lowered into the drawing furnace at 
the top of the drawing tower. The draw- 
ing furnace heats the lower end of the 
preform until the silica glass has melted 
to a honey-like consistency and can be 
drawn downwards (Fig. 5). 


In this process phase the temperature of 
the preform, the rate at which the pre- 
form is lowered into the furnace, and the 
drawing rate, must be precisely coordi- 
nated, and above all they must be very 
constant. This is achieved by the use of 
computers to control the entire drawing 
process. To protect the fiber against 
contamination and damage 11s ei Fig. 3 Comparison of the cross-section of a human hair (left) and a single-mode optical fiber 
first thin coatings of plastic before being from Siecor (right) 

wound onto reels at the bottom of the 
drawing tower. This plastic coating is 
cured within fractions of a second by 
ultraviolet light. Two coats of lacquer : 
are usually applied (a soft inner coat and 

a hard outer coat). 


Preform 


The hard outer coat of lacquer protects 
the surface of the fiber against mechani- 
cal damage, while the soft inner coat dis- 
tributes the loads uniformly on the fiber powder for core 
and reduces its sensitivity to microbend- sic), GeCl, 0; CH,... and cladding 
ing. In the case of fibers for communica- 
tion transmission systems, the outer 
diameter of the protective coating is nor- 
mally 250 um. By continuous exact mea- 
surement and correct adjustment of the 
rate of take-up, it is possible to keep the 
diameter of the fibers at precisely the 
specified value. 


High-temperature furnace 


Fiber 


Plastic coating 


Fiber with prepolymer film 


UV radiator 
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Testing the mechanical 
and transmission properties 


The mechanical properties of optical 
fibers, such as strength and flexure, are 
determined both by the properties of the 
Silica glass itself and by the nature of the 
surface protection and its characteris- | 

tics. To check these characteristics, the a _ oe a 
fiber is rewound after the drawing pro- CH, — Methane 

cess and subjected to a tensile test. All HC! — Hydrogen chloride 


: a en on He Helium 
fibers displaying insufficient tensile 6 Oxygen 


strength are rejected. SiCl, Silicon tetrachloride ( ° ) 
_ . SiO; Silicon dioxide [—> Fiber take-off 
The transmission properties of the opti- Fig: & Prodvediinallp tua yprtirm by ilie out: 


cal fiber are determined by the size of side vapor deposition method (a) with subsequent Fig.5 Basic diagram of the fiber drawing 
the core, the shape of the profile in the drying and sintering (b) and coating process 


Plastic coating 


Fiber with polymer coating 


UV radiator 


Fiber with prepolymer film 
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Fig.6 The high-purity raw materials are stored in liquid form 


core and cladding, and the uniformity of 
the profile. In the test department these 
properties are measured with the most 
modern equipment. Only those fibers 
whose attenuation and whose geometric 
dimensions and tolerances meet the 
stringent requirements are wound onto 
shipping reels and transferred to the 
warehouse. 


Supply of materials 
and disposal of waste 


One particularly important feature of 
the plant has already been mentioned 
several times, namely the extreme purity 
of the raw materials and the completely 
self-contained reprocessing system. The 


Rte eee ea 
EN Se) nr 


Fig. 7 Special attention is paid to environmental protection; 


the complex exhaust air purification equipment shown ensures 
that no harmful by-products are released into the environment 


most important starting material for the 
production of optical fibers is silicon tet- 
rachloride, with a maximum permissible 
contamination of 100 ppb (parts per bil- 
lion). Roughly the same degree of purity 
is demanded of the other processing 
gases such as oxygen, nitrogen, hydro- 
gen, helium and chlorine. The supply 
systems made of corrosion-proof high- 
grade steel are hermetically sealed in 
order to prevent contamination from the 
outside (Fig.6). 


The by-products of the production pro- 
cess are hydrogen chloride, silica dust 
and water vapor. They are collected as 
soon as they are present. The hydrogen 
chloride is washed out in special washing 


apparatus (Fig. 7), and the silica dust is 
retained in large filters. The exhaust air 
is not discharged to the outside until it 
has been purified in this way. The fil- 
tered silica dust is sold for further use, 
while the washed-out hydrogen chloride 
is collected and either sold for further 
processing or neutralized on the spot. 


Outlook 


Optical fibers from Siecor are products 
that fulfill the strict requirements of the 
market. With constant improvements to 
control and production methods, Siecor 
can be sure to meet the demands placed 
on both present and future communica- 
tion systems. 
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Ulrich Oestreich 


Fiber-Ootic Cables 


Any attempt to classify fiber-optic 
cables by application and quality is ham- 
pered by the fact that users expect even 
different types of fiber to provide the 
same life, reliability, and applicability. 
The only products sufficiently different 
to justify division into two categories are 
those with the characteristics of flexible 
connections. Whereas conventional 
electrical cables required completely dif- 
ferent designs for different frequencies, 
the various light wavelengths and their 
ability to be modulated are essentially 
the same and do not require a variety of 
cable designs. 


Dipl.-Ing. Ulrich Oestreich, 
Siemens AG, 
Communication Cables, 
Munich 


Cables for long-range and 
equivalent communication links 


Buried and duct cables 


Cable design 


Experience has shown that cable designs 
producing a significant change in the 
attenuation of individual fibers com- 
pared to their uncabled state, or show- 
ing perceptible mechanical responses to 
permissible variations in temperature or 
other conditions, must be considered 
unsuitable for long-term service. For 
such changes mean that the fibers are 
being deformed to an excessive degree, 
with long-term consequences that can 
only be expressed in terms of prob- 
abilities. Hence, the only appropriate 
cable design is one which under all per- 
mitted conditions keeps the fibers in a 
state of least mechanical stress and 
minimizes local deviations from a toler- 
able mean bending stress. This elimi- 
nates all designs that do not provide the 
fibers with sufficient radial clearance for 
the inevitable changes in length, bend- 
ing or twisting of the cable (e.g. tightly 
buffered fibers in a tightly stranded 
cable core). 


In meeting this requirement, it is possi- 
ble to arrive at widely differing results. 
One of the earliest solutions, which has 
been readopted in recent years, is the 
slotted core cable in which the rugged 
core is provided with helical grooves 
accommodating one or more fibers. The 
problems with this design become ap- 
parent only on closer examination. First, 
it is difficult to insert the fibers in a way 
that provides them with adequate free- 
dom of bilateral longitudinal movement 
in all situations; second, it is necessary 
to provide sufficient protection for fibers 
or groups of fibers at branching points. 
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The adaptability of this system to widely 
differing fiber counts and operating con- 
ditions is moderate. It remains to be 
seen whether this approach will be used 
for accommodating fixed fiber group 
structures. However, the problems 
always associated with tight structures 
(fiber ribbons) are possibly minimized 
with this design. 


Other solutions, designed to simplify the 
identification and easy handling of the 
individual fiber, provide it first with a 
strong, tightly-fitting buffer and then 
surround it in the core structure with a 
relatively large amount of space for fiber 
movement. This often results in loose, 
very bulky and relatively heavy designs 
providing little in the way of universally 
applicable features and arising mainly 


Polyester 
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Thixotropic 
filling 
compound 
Coating 


Fiber 


Polyester 
Special polyamide 
Thixotropic 
filling 
compound 
Coating 
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Fig. 1 Configuration of the basic modules (scale 
10:1) for a single fiber (a) and a multifiber unit (b) 
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out of a desire to continue using conven- 
tional cable-making machinery. One, 
therefore, rapidly concludes that the 
smallest cross-section and materials 
usage is achieved by locating the 
required radial clearance directly 
around the fiber whose overall bulk 
should be Kept as low as possible. 


Cable configuration 


Buffered fiber 


The simplest design for a protective buf- 
fer with adequate resistance to deforma- 
tion and optimally suited to the fiber is 
available in the form of a precision- 
made circular plastic tube which can be 
treated like a quad or coaxial pair, thus 
conferring all the advantages of a gen- 
eral-purpose cable module (Fig. 1). 


With a few exceptions, this module pro- 
vides the basis for precisely calculating 
the best configuration for any particular 
application. Various materials and com- 
binations of materials for the buffer tube 
can be used to suit a wide range of 
environmental conditions. The tubes 
can be filled with pasty or gel-like com- 
pounds and can be made non-hosing, 
water- and gas-blocking, and as crush- 
resistant as required. The special manu- 
facturing equipment employed is jus- 
tified by the advantages which the resul- 
tant basic module brings in both techni- 
cal and economic terms. 


The cable design specified by the 
Deutsche Bundespost in_ preliminary 
technical supply conditions is the result 
of the knowledge and _ experience 
described. First, the fibers are given a 


Polyethylene 
jacket 

Barrier layer 
Strength members 
of aramide yarn 


Core fillin 
compoun 


All-dielectric 
support element 


Copper conductor 


Fig. 2 Cable configuration for the short-haul 
network (scale 2.5:1) with, for example, six fibers 
and two copper conductors 
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double coating of UV cross-linked acry- 
late about 60 um thick. The inner coat- 
ing is extremely soft, thereby preventing 
microbending at points of contact, and 
can easily be removed leaving no 
residue. The outer coating is a first 
mechanical protection layer with a mod- 
erate coefficient of friction, but to which 
special inks will adhere. Fibers can be 
produced and processed in lengths of up 
to 20 kilometers. 


The loose buffer tubes generally consist 
of a double layer with a wall thickness 
representing about 20% of the overall 
buffer diameter. The materials have 
been chosen to minimize expansion and 
contraction, while optimizing aging 
behavior and inertness to inner and 
outer filling compounds. Since the buf- 
fer tubes are smooth inside and outside, 
they offer minimum resistance to the 
movement of the fibers inside and to the 
movement of other buffers outside. 


The outside diameter chosen for single- 
fiber buffers (Fig. 2) is 1.4 mm, while for 
the 10-fiber buffers (Fig. 3) it is 3 mm. 
Buffers with single-mode fibers cur- 
rently have a diameter of 2.8 mm to 
accommodate four fibers (Fig. 4) or 
3.5 mm for ten fibers (Fig. 5). These 
values are by no means the minimum 
achievable either technically or tech- 
nologically, but they have proved their 
suitability in the field. 


The buffer filling compound consists 
mainly of a thixotropic, chemically neu- 
tral mixture of oils, which in the relevant 
temperature range between —30 and 
+70°C neither freezes nor drips and 
neither attacks nor swells the fiber’s pro- 


Fig.3 Cable configuration for the long-haul 
network (scale 2.5:1) 
with, for example, 60 fibers and one copper quad 


tective coating. This compound can eas- 
ily be stripped and washed off, leaving 
no residue to hinder the jointing of the 
fibers. It also contains no easily 
inflammable constituents. 


The double-walled buffer tubes are pro- 
duced and combined with the filling 
compound and fiber in one operation. It 
is thus possible to optimize the most 
important properties of the buffer tube 
(long-term dimensional stability, low 
defined coefficient of expansion, high 
degree of flexibility with a high Young’s 
modulus, and inertness to inner and 
outer filling compounds). Whereas the 
buffer filling compound should hinder 
fiber movement as little as possible with- 
out actually dripping, the filling com- 
pound for the interstices between the 
buffers, i.e. the voids in the cable core, 
should be somewhat more viscous. 


The main task of the fiber buffering pro- 
cess is to coordinate the tube and fiber 
length to a tolerance of +2-107*. This 
in turn depends not only on the tube 
materials, but also on the process speed, 
the cooling, the retention of the fibers 
and guiding of the buffer. Fig. 6 shows a 
typical production machine. 


Cable core and jacket 


The length-defining, all-dielectric cen- 
tral support member consists of high- 
tensile glass filaments bonded with a 
resin highly resistant to aging and ther- 
mal effects. Since the support member 1s 
required to absorb not only the contrac- 
tions due to cooling but also some of the 
tensile forces, it merits particular atten- 
tion to quality. Wherever there is the 
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Fig.4 Configuration of a cable with 40 single-mode fibers 


space and the need, the support member 
is provided with an adhering protective 
polyethylene (PE) overcoat. 


The buffered fibers are stranded onto 
the support member at defined retention 
forces to suit the buffer tube. The 
stranding lay length (S) and lay radius 
(R ) are calculated such that the bilateral 
radial movement of the fibers inside buf- 
fers with radial clearance (AR) corre- 
sponds with a cable strain of 


Al wt 4q? RAR (1) 
S 


and the stranding radius of curvature Is 


| Se 

O R[1+7 } . 
This allows the cable to be stressed up to 
the rated tensile force and cooled down 
to the rated lower temperature limit 
without affecting the fiber, i.e. its 
attenuation and life (smallest stranding 
curvature radius used: 9 = 65 mm). The 
stranding technique employed with 
alternating direction of laying (SZ 
stranding) facilitates branching and per- 
mits cable cores to be produced in 
lengths limited only by the length of the 
fibers used and the capacity of the cable 
reel (Fig. 7). 


This stranding technique can be 
employed without modification to 
include electrical elements in the form of 
individual conductors or quads for use as 
order wires or to facilitate fault location. 
However, if the inherent EMI immunity 
of optical fibers is to be fully exploited, 


Copper conductor pair 


Multifiber unit 


Support element 
Glass yarns 

Aramide yarns 
Solvent-weld adhesive 


Fiber 


Allaminated sheath 


it is preferable to make other provision 
for these ancillary functions so that the 
cable cores can be of non-metallic 
design. 


The central support member can absorb 
some of the tensile forces, but it 1s not 
the only supporting element. Aramide 
yarns or rovings are stranded onto the 
cable core together with glass yarns in 
such proportion as to produce, in con- 
junction with the central strength 
member, the required tensile strength 
(Fig. 8). 

Distributing the strength members 
between the center and periphery of the 
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Tracer unit 
Dummy element 
Quad 

Filling compound 
Support element 
Multifiber unit 
Stress members 


Laminated sheath 


Fig.5 Configuration of a cable with 30 fibers 


cable core reduces lateral stress on the 
buffered fibers in cable bends. This 
approach also has the advantage that, 
since the jacket is bonded to the aramide 
yarn covering, it is possible to use cable 
pulling grips without high-tensile cable 
end sealing in spite of the core being 
filled with a water-blocking compound. 


The petrolatum-based compound fills all 
the core interstices and saturates glass 
and aramid yarns. To exclude all influ- 
ences, the jacket is provided on the 
inside with a barrier in the form of an 
extruded polyamide adhesive layer. This 
layer enables the jacket to maintain its 


Fig.6 A typical machine for producing the buffered fibers of the fiber-optic cable 
(photo courtesy of Maillefer S. A.) 
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Fig.7 SZ stranding machine 


mechanical quality throughout its life 
even without the aluminum foil and to 
provide full tensile strength without 
impairing flexibility. 

The thickness and markings of the cable 
jacket conform to the existing require- 
ments. 


The design principle described can be 
adapted to suit all types of fiber (includ- 
ing single-mode fibers) and all applica- 
tions (e. g. submarine cables). 


, ye Lh 4 


oa 


Fig. 8 Yarn winder in the jacketing line 
(photo courtesy of Frisch Kabelmaschinen GmbH) 
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Cables types 


Cables supplied to the Deutsche Bun- 
despost are shown in Figs. 2 and 3. Fig. 9 
shows a cable of the type already installed 
on a large scale in the USA. Altogether, 
well over two million kilometers of 
cabled fiber have been supplied in the 
Federal Republic of Germany and 
abroad, predominantly for long-haul 
applications. 


The reliability of these configurations is 
due to the use of the “filled, loose tube” 
principle. This is confirmed by the fact 
that so far not a single fiber break has 
been reported that was not attributable 
to violent damage. The number of cases 
of such damage are, moreover, very 
few. Damage caused by rodents (Ameri- 
can gophers), which was not repeated 
after repair, raises the question of the 
need and economic justification for pro- 
tection against rodent attack. 


A reliable solution would be a longitudi- 
nally applied or possibly wrapped cover- 
ing of steel tape over the cable core. 
Apart from the increased cost and 
weight of the cables, however, this type 
of protection runs counter to the all- 
dielectric design desired for fiber-optic 
cables. The objective can be achieved, 
for instance, by using an extremely 
tough jacketing material, but this sig- 
nificantly increases the stiffness of the 
cable and also raises the cost. 


An appropriate solution must be select- 
ed in each individual case. 


Aerial and submarine cables 


The principle of the loose, filled, 
stranded buffer for one or more fibers, 
as described in the previous paragraphs, 
has proven highly successful in ten years 
of use in buried and ducted cables. 
Moreover, its technical advantages are 
securing for it a steadily growing share 
of the international market. Rival 
designs, such as slotted-core or ribbon 
cables, are declining in importance 
because of significant technical draw- 
backs in operation and installation. 


However, for applications involving 
extreme mechanical stress the stranded, 
loose buffer is not the optimal solution. 
If the provision for elongation is 
exceeded, this usually results in a rapid 
increase in added losses. If extreme 
pressure occurs, deformation of the 
stranded core is likely. If one wishes to 
retain the proven loose tube principle 
with its allowance for elongation (and 
contraction), while at the same time pro- 
viding a reliable solution for extremes of 
mechanical stress, the only viable so- 
lution is a smooth high-tensile crush- 
resistant tube in which the fibers are 
arranged in helices not stranded round a 
core. 


These helices give the fibers a freedom 
of movement equal to that of the 
stranded loose buffer, or even greater if 
necessary. A completely concentric, 
perfectly circular core (Fig. 10) is the 
best solution for aerial and submarine 
cables, if the available fiber excess 
length is adequate for all foreseeable 
situations. 


The fiber helices in this tube contain a 
few tenths of a percent more of useful 
excess length — depending on the dimen- 
sions of the tube and the number of 
fibers to be accommodated — than can be 
enclosed in the stranded loose buffer. 
What is more important, however, is 
that in the extreme case of full cable 
elongation the fiber displays no increase 
in attenuation; this extends the cable 
elongation window at the stress limits by 
0.1 to 0.2%. The fully concentric design 
of the cable built up over the tube, 
together with the tube, provides a crush 
resistance equal to the requirements of 
all conceivable applications. The most 
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important configurations derived from 
this basic module (an unstranded, thick, 
filled central miultifiber unit) are 
described below. 


Self-supporting all-dielectic aerial cable 
(Fig. 11) 


A quantity of aramide yarns appropriate 
to the anticipated maximum tensile 
requirements (5 to 40 mm’) are tightly 
packed by stranding in pre-elongated 
form around the filled central member. 
A tracking-resistant jacket eliminates 
high-voltage damage even at the highest 
conceivable operating voltages. The 
aramide yarn packing is extremely flex- 
ible and absorbs vibrations to a certain 
degree. Installation is facilitated by the 
customary combination of preformed 
protective and terminating helices. Any 
accidental partial damage to the aramide 
yarn supporting element does not grow 
and lead to fracture as it does with glass- 
resin supporting elements. 


All experience to date indicates that this 
cable design best meets the range of 
requirements for a universal aerial 
cable. 


Fig.9 72-fiber cable 


Aerial cables incorporated 
in ground or phase conductors 


The incorporation of optical fibers in 
ground conductors has similarly prog- 
ressed beyond the experimental stage. 


The armorings made of steel, aluminum 
or Aldrey wires should, if possible, con- 
sist of two layers. Single-layer armorings 
can not only cause twisting during instal- 
lation, but also require a highly stable 
base which must be calibrated and pro- 
vide good conducting properties in order 
to establish the bond between the wires. 


This usually leads to the use of drawn or 
bent aluminum tubes. Under short-cir- 
cuit conditions these tubes bring very 
high temperatures into the immediate 
vicinity of the fiber-optic core. The 
tubes are also susceptible to cracking on 
account of their relatively large diameter 
and the soft aluminum used. Without 
the electrical contact that they provide, 
however, lightning or short-circuit arcs 
are dangerous for the single wire. 


The multilayer armoring, modelled on 
overhead lines, with an inner layer of 
galvanized high-tensile steel wires and 
an outer layer of thicker aluminum or 
Aldrey wires, fulfills all requirements, is 
very economical, and can easily be pro- 
vided with a third and fourth layer of 
aluminum or Aldrey wires to cope with 
larger cross sections (Fig. 12). 


The first layer of wires is laid over a 
strong, close-fitting jacket which itself is 
applied over the previously described 
tubular member reinforced with aramide 
yarn. Short-circuit heating of the highly 
conductive wires is dampened by the 
steel wires, jacket and aramide yarn to 
such an extent that the temperatures are 
negligible at the central multifiber unit 
consisting of high-tensile injection- 
molded material. 


For aerial cables incorporated in phase 
conductors (none have yet been sup- 
plied) the thermal problems are even 
more important. Since conductor tem- 
peratures of up to 100°C are superim- 
posed by short-circuit heating of up to 
200°C here, the materials and filling 
compounds selected for the central mul- 
tifiber unit and the jacket have to be 
resistant to high temperatures and 
mechanically stable at the same time. 
Such materials are available, but they 
are relatively expensive. 
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Filling compound 
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Fig. 10 Configuration of a central multifiber unit 
(maxi bundle) 


Aramide yarns 


Outer jacket 


Multifiber unit 


Fig. 11 Self-supporting aerial cable 


Submarine cables (Fig. 13) 


Submarine cables employed outside the 
shallow-water or shore area differ from 
ground-wire aerial cables only in having 
a single-layer of strong steel-wire ar- 
moring with waterblocked interstices, 
covered for instance by a rugged plastic 
jacket. This armoring is designed for at 
least LOO KN. 


Local cables 


Cables of the type to be described below 
are still at the introductory stage. They 
are intended for use in the local business 
network, known as the overlay network. 
The intention here is to deal with those 
aspects which may be of increasing sig- 
nificance in the future. 


The most important question is the 
extent to which the local cables differ in 
design from the existing long-haul cables 
(described above). The answer is to be 
found by considering the following fac- 
tors: 


e density and distribution of the poten- 
tial subscribers, 

e branching problems and 

e spacing of the branch points. 

The overlay network planned at this 


stage is intended primarily to link up 
commercial firms, banks, shopping cen- 
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Fig.12 Ground-wire aerial cable with 23 Aldrey wires 


and 7 steel aluminum-clad (stalum) wires 


ters, airports, railroad stations and 
administrative centers, a few fibers 
being sufficient in each case. In view of 
the fact that these subscribers are never 
directly adjacent to each other even in 
the city center, and that exchanges have 
to be placed at large distances, the 
cables extending from these exchanges 
will have a very limited number of fibers 
but will be up to 20 km long and more 
(in the extremes). It is unlikely that the 
cable routing to serve a particular area 
will follow the classical tree structure, 
since this involves a maximum of splices 
and branches. 


Instead, groups of subscribers located at 
varying distances will be assigned their 
own primary cables extending right into 
their own areas; this will make it possi- 
ble to install long cable lengths without 
branches, and at the same time it will 
also mean a drastic restriction of the 
fiber counts in these primary cables. The 
approach will be to find optimum trade- 
offs between the number of branches 
required and the number of primary 
cables running to some extent in paral- 
lel. Initially, cables are expected to have 
maximum fiber counts of around 100 
and average fiber counts of about 15, 
i.e. much lower counts than would be 
required for full network capacity (not 
anticipated presently). The pulling-in 
lengths will be 2 km and over. 


Branching problems arise because the 
fiber counts in the fiber group, from 
which the branch is to be made, do not 
accurately match the fanout required at 
the particular branch point. Since there 
is a limit to how far the fiber counts can 
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be graduated, there will be superfluous 
fiber lengths left after the branch. It will 
therefore be necessary to balance the 
cost of cabling against the cost of the 
fiber. 


If the fibers to be branched off and those 
not to be branched off are inadequately 
protected, the fibers should not have to 
be led directly from the cable core to the 
branching/jointing element, but should 
be provided with adequate protection 
between cable and jointing site. 


In view of the difficulty in distinguishing 
the color coding of the fibers in poor 
light, it does not seem wise to use more 
than seven colors (red, green, yellow, 
blue, black, white and natural). Five or 
six colors can easily be extended by 
means of ring coding. 


The multiple splice generally used in the 
USA for preconnectorized 6- or 12-fiber 
units is not very suitable for normal 
branching splices. For straight splicing 
of single-mode multifiber units not pre- 
connectorized in the factory, this 
method does not provide adequate qual- 
ity either. For both straight and branch- 
ing splices the fused joint in a secure seal 
is preferable, multiple fused splices 
being feasible where large numbers of 
fibers have to be straight-spliced. 


However, considering the speed and 
reliability with which automatic fusion 
splicers nowadays produce optically and 
mechanically good splices, it is doubtful 
whether the “mass” splice is at all 
recommendable, especially in the over- 
lay network. The time involved in manu- 
ally sorting the fibers is not excessive 


Filled central multifiber unit 
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Fig. 13 Submarine cable for non-repeatered operation 


relative to the overall process, as long as 
the fiber coding 1s satisfactory. 


The main impact of this on cable design 
iS: 


e The fibers accommodated in a local 
cable must be installed and operated 
under the same optical and mechanical 
conditions as are familiar from long-haul 
cables. A loose fiber buffer with ade- 
quate excess length for mechanical and 
thermal effects appears essential, if ease 
of installation, freedom from faults and 
water penetration, flexibility and rug- 
gedness are to be maintained. 


e The smaller the fiber counts, 

the lower are the fiber losses and the 
smaller the effort involved in branching. 
The number of fibers combined in 

a multifiber module should therefore 

be less than 10 if possible, and under no 
circumstances greater than 20. Stranded 
buffers could contain 10 fibers, and 
central multifiber units (“maxibundles” ) 
up to 20. Fibers are easier to code if 
they are grouped in pairs. If whole units 
have to be straight-spliced, a suitable 
multiple splicing system can be used 
(fused or bonded). 


e A departure from the proven loose 
tube principle with adequate excess 
length for each fiber is definitely not 
advisable, neither with respect to reli- 
ability, nor as regards installation. The 
emphasis is likely to move away from 
maximum fiber counts towards rugged- 
ness, reliability, low weight and small 
diameter, as well as long pulling-in 
lengths and easy but economical splicing 
and branching. 
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Fig. 5 shows a configuration with ten 
fibers per multifiber unit, as currently 
planned for the first subscriber networks 
of the Deutsche Bundespost. 


What the final local network cable will 
look like in the nineties, what fiber 
counts and jacket will be employed, are 
matters still under discussion. A 
thorough examination of the possible 
solutions, however, is beyond the scope 
of this article. 


Connecting cables 
and special-purpose cables 
with low fiber counts 


For the first time we find a clearly 
detectable change in the pattern of 
requirements. None of these products 
has the character of long-haul cables or 
anything resembling long-haul cables. 


Connecting cables, although provided 
with high-quality fibers and permanently 
installed, are relatively short. They have 
no significant effect either on the overall 
loss or the transmission and operating 
reliability of a cable system. 


Flexible products in the industrial or 
military sector are seldom longer than a 
few kilometers and are not critical as 
regards loss. They generally have a life 
of a few years, and so the fibers are able 
to tolerate more severe mechanical 
stress. On the other hand, they are often 
subject to restrictions on diameter and 
weight which preclude the use of the 
classical loose tube. 


The kind of buffer tube that is suitable 
for this class of cable is a tight fit, or 
virtual tight fit, on the fiber. It therefore 
provides no significant excess fiber 
length and produces varying degrees of 
added loss, depending on the design of 
the cable, its type of fiber and as a func- 
tion of the fiber coating used. Diameters 
of between ().8 and 1 mm have become 
standard worldwide. 


The original fiber coating, which was 
also used to prevent loss-increasing mi- 
crobending, was silicone rubber. With 
this it was possible to achieve a Young’s 
modulus in the region of 0.1 N/mm’. As 
a result of steady increases in the draw- 
ing rate, it became necessary to use UV- 
reactive coating materials. These, how- 
ever, were considerably harder, and 
restricted the scope for producing 
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Fig. 14 Configuration of a single-fiber indoor 
cable 
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Fig. 15 2-fiber field cable 


tightly-buffered fibers with good lateral 
stress and low-temperature characteris- 
tics. Choosing the best fiber coating 
material became very difficult. More- 
over, the removal of this tightly-fitting 
buffer had always presented problems. 
The obvious solution was therefore to 
apply a liquid, pasty, or at least semigel- 
led separating layer between the fiber 
coating and the tight-fitting — in this case 
almost hard — fiber buffer. This layer 
allows some crushing of the buffer with- 
out the fiber being affected and enables 
the fiber to move longitudinally within 
the buffer or at least to relax. 


This compact buffered fiber, correctly 
used, permits configurations which were 
never possible in the past, even when 
the fiber was coated with silicon rubber. 
The local relief of longitudinal and 
lateral stress on the fiber permits the use 
of normally coated single-mode fibers 
with a normal An. It also allows the 
fibers to be incorporated in cables sub- 
jected locally or generally to high 
pressure and allows several or many 
fibers to be packed densely together. 


Typical products here are local or long- 
haul connecting cables (Fig. 14) with up 
to six fibers, field cables (Fig. 15) with 
the same number of fibers, and special 
narrow-diameter, high-tensile, flexible, 
steel-wire-armored cables which, be- 
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cause of their armoring, are suitable 
both for deep-sea and on-shore applica- 
tions and can be laid in long lengths, for 
instance, from helicopters. 


Conclusion 


Advanced fiber buffer design combined 
with suitable stranding and jacketing 
processes now make cables of virtually 
any configuration possible and provide 
technical and economic advantages in 
every case. The only factors currently 
limiting the spread of optical fibers for 
communication in all technical fields are 
the same as those that apply to conven- 
tional cables. As the risk of interference 
and interception has been reduced, so 
the transmission bandwidth and range 
have increased beyond anything 
attained in the past. Extremes of tem- 
perature, which have always been 
regarded as critical, are becoming less 
important as fiber coatings, filling and 
sealing compounds, fiber buffer mate- 
rials and other cable materials are being 
adapted to these conditions. Conven- 
tional and fiber-optic cable elements will 
be combined to meet the last few 
remaining requirements, including those 
for power cables. 
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Peter Steinmann 


Fast Splicing Methods 
for Optical Fibers 


Transmission networks using optical 
cables require splicing methods involv- 
ing the minimum amount of work in the 
field, even with single-mode fibers. In 
the long-haul network, fusion splicing 
has become an established technique, 
using such modern equipment as the 
Siemens fusion splicer. This employs 
microprocessors and local light injection 
and detection (LID) systems to ensure 
almost fully automatic splicing with 
extremely low insertion losses. 


In the local network, on the other hand, 
splice loss requirements are less exact- 
ing, as the average distance to the sub- 
scriber is considerably shorter than in 
the long-haul network. However, owing 
to the large number of splice points 
involved, a fast and reliable splicing 
method is essential. Consequently, a 
demountable butt jointing system has 
been developed which allows up to six 
single-mode or multimode optical fibers 
to be spliced in the field without addi- 
tional equipment, provided a silicon 
multifiber connector has been factory- 
prefitted at both ends of the optical 
cable. This method enables installation 
times in the field to be reduced to a 
minimum. 


Dipl.-Ing. Peter Steinmann, 
Siemens AG, 
Communication Cables, 
Munich 
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Microprocessor-controlled 
fusion splicer 


The generation of splicing equipment 
described here is a further milestone in 
the evolving technology. The version 
shown in Fig.1 represents the state of 
the art. It is suitable both for single- 
mode and multimode fibers and replaces 
the family of equipment described in [1]. 
The integrated LID system and micro- 
processor ensure that virtually every 
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stage in the splicing process is fully auto- 
matic. 

After the cable jacket, armoring, fiber 
buffers and primary coating have been 
stripped, the optical fibers are cut to the 
required length using the optionally 
available fiber cutter, which produces 
the perpendicular, mirror-smooth fiber 
end faces required for splicing. The pre- 
pared fibers are inserted manually in 
easily exchangeable holders designed to 
match the diameter of the fibers used. A 


ETE 


Fig.1 Microprocessor-controlled fusion splicer for single-mode and multimode optical fibers 
(optional items: fiber cutter, splice module holder for single-mode and multimode fibers 


and video unit for the dual-axis microscope) 
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Fig.2 Automatic alignment and splicing 
of optical fibers 


a Starting position 
Insert fiber ends and align manually to marks; 
Start of automatic process 
Prefuse to clean fiber end faces 


b Locating light-guiding cores 
Move one fiber end laterally in a spiral until 
the LID system detects core light (left); light is 
coupled from one core into the other (right) 

c Aligning light-guiding cores 
Move the fiber ends laterally until the LID sys- 
tem detects maximum optical power (left); the 
fibers are positioned for maximum light trans- 
mission, the cores are optimally aligned (right) 


d Adjusting gap between end faces 
Move fibers together until they touch without 
damaging fiber ends (left); set defined gap 
for fusion process (right) 


e Fusion process 
Ignite glow discharge; 
automatic feed 
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Fig.3 Comparison of splice losses, measured with the microprocessor-controlled fusion splicer 

(LID system) and the transmission test set; number of splices m = 112; optical wavelength 4 = 1300 nm; 
average splice loss a = 0.075 dB (transmitted light) and 0.082 dB (LID); standard deviation o = 0.124 dB 
(transmitted light) and 0.132 dB (LID) 
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Fig.4 Frequency distribution of the splice loss of single-mode fibers (number of samples n = 104; 
average splice loss @ = 0.029 dB; standard deviation o = 0.025 dB; optical wavelength A = 1300 nm) 
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Basic unit 
LCD display . 
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LCD Liquid crystal display PD Photodiode 
LED Light-emitting diode RAM Random access memory 


Fig.5 Operating principle of the microprocessor-controlled fusion splicer 
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Splicing plane 


Connector base Splice halves 


Fig.6 Diagram of the silicon components of the multifiber connector 
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Peripheral equipment 


built-in microscope allows the user to 
view the fiber ends in two axes at right 
angles to one another and to assess the 
quality of the end faces. 


A video system is also optionally avail- 
able for observing the splice point with- 
out fatigue. If the angles of fracture are 
significantly greater than 0.5°, the cut- 
ting process has to be repeated. The two 
end faces are then brought together 
manually until they are approximately 
5 um apart. 


Fig.2 shows the automatic aligning and 
splicing process initiated at the touch of 
a button. For single-mode optical fibers 
with core diameters of about 8 um, the 
alignment process is considerably more 
complex than for multimode fibers with 
a core diameter of 50 um. The fibers are 
aligned in three axes by means of 
piezoelectric positioners until the LID 
system detects maximum optical power 
transfer between the cores at the point 
of abutment. 


The operating principle of the LID sys- 
tem is described in [2]. By using an LED 
operating at 1300 nm, the splice loss can 
be indicated to an accuracy of + 0.1 dB. 


Fig.3 shows the splice loss values mea- 
sured with the microprocessor-control- 
led fusion splicer compared with those 
measured at 1300 nm using an external 
transmission test set. A good correlation 
of results is clearly obtained. The splice 
loss as indicated by the splicer falls 
within the error limits of + 0.1 dB with 
over 90% reliability. For field use, it is 
therefore possible to dispense with 
reflectometer measurements at both 
ends of the route during splicing. Fig. 4 
shows typical laboratory splice loss mea- 
surements, giving a mean loss of a= 
0.029 dB with a standard deviation of 
o= 0.025 dB. The splicing time is 
remarkably short: on initiating auto- 
matic splicing, it takes only 20 to 30 s for 
the ends to be aligned and fused and for 
the loss to be determined. 


The operating principle of the micropro- 
cessor-controlled fusion splicer is shown 
in Fig. 5. As well as controlling the align- 
ment and fusion process, the micropro- 
cessor performs various administrative 
functions. Depending on the splicing 
task involved, the user can choose 
between fully- and semi-automatic splic- 
ing or select individual process steps. He 
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can choose the splicing method that is 
best suited to his level of experience. 


The fusion splicer provides indications 
in the event of disturbances or incorrect 
operation. As soon as the unit is 
switched on, the processor performs a 
general function test. This involves: 


e checking the status of the internal 
main memory and of the illuminated 
liquid crystal display (LCD), 

e identifying the type of splice module 
in the basic unit and selecting the appro- 
priate operating programs, 


e determining whether the exchange- 
able PC boards associated with the 
operating programs are inserted in the 
basic unit and checking their electrical 
operation, as well as 


e testing the built-in rechargeable bat- 
tery and indicating the charge. 


It is also possible to operate the fusion 
splicer using the built-in power supply 
unit, which is automatically set to the 
connected line voltage. This unit is 
designed such that the battery is charged 
as quickly as possible. The splicer can 
also be used without an internal battery. 
During splicing, all the loads are “man- 
aged” by the processor, 1.e. it only acti- 
vates those facilities required for a par- 
ticular operation. This, together with 
the use of current-saving ICs, has 
enabled power consumption to be 
minimized. If the splicer is not in use 
for 25 minutes, it switches itself off auto- 
matically. The battery charge is usually 
adequate for a full working day. 


Various splicing programs are avail- 
able for the fusion splicer. Using a spe- 
cial parameter key, the fusion parame- 
ters, such as type of fusion curve, pre- 
heating time, duration of fusion, fusion 
current and feeding distance, can be 
varied without delay; the new parameter 
set remains stored even if the unit is 
switched off. In order to facilitate opera- 
tion, the dialog between user and unit 
can be conducted in a number of lan- 
guages. All the instructions can be 
entered via six sealed keys. If, for in- 
stance, tightly-buffered fibers with a 
coating diameter of 900 um are to be 
spliced, the internal LID system cannot 
be used. If an external signal (e.g. from 
an attenuation test set connected to the 
link) is not available, an additional con- 
trol panel comprising six sealed keys 


Fiber-Optic Technology 


Fig.7 Assembly unit for multifiber connectors, with manual grinding attachment 


| 
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Fig.8 Automatic grinding and polishing device for connectors and silicon components 


enables the fibers to be aligned manually 
in three axes. 


Since the fusion splicer permits rapid 
fiber splicing, provided the secondary 
operations (e.g. stripping cables, pre- 
paring closures, performing measure- 
ments and sealing closures — which rep- 
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resents about 75% of total working 
time) are properly organized, it should 
easily be possible to complete closures 
containing 40 or more single-mode 
fibers in a normal working day. The 
fusion splicer has already proved its 
worth in several installation jobs in Ger- 
many and abroad. 
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Fig.9 Splice half of the multifiber connector (left) and polished end face magnified under the microscope (right) 


Demountable multifiber connector 


Mechanical design 


The precision components of the mul- 
tifiber connector are made of monocrys- 
talline silicon (Si) — a material that has 
acquired tremendous importance over 
the last few decades and is chiefly known 
for its uses in semiconductor technology 
[3, 4]. 


From a_ silicon monocrystal, wafers 
1mm thick and approximately 10 cm in 
diameter are sawn out in such a way that 
the crystal planes form a symmetrical 
angle of 70.53° to each other. The 
polished and oxidized silicon wafers — 
the basic material for the multifiber con- 
nector — are then given a UV-light sensi- 
tive coating of photoresist which is 
exposed through a mask containing all 
the structures of the connector. In the 
subsequent developing process the oxide 
layer is removed from the exposed 
areas, whereas the oxide layer remain- 
ing on the unexposed areas seals the sill- 
con surface against the further stages of 
the process. In the next step, the oxide- 
free silicon surfaces are subjected to an 
anisotropically effective etching process. 
The converging etched surfaces along 
the lattice planes produce V-grooves in 
which the optical fibers with a cladding 
diameter of approximately 125 um are 
precisely aligned. 
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Fig.6 shows a diagram of the silicon 
multifiber connector. The V-grooves for 
the bared fibers are located in the center 
of the connector base, whereas the 
deeply etched part at either end receives 
the still coated parts of the fibers. A flat 


cover, etched out to accommodate these 
coated parts, is bonded onto the fibers. 
This ensures adequate fiber guidance at 
the point of abutment. Along each side 
of the connector base is an alignment 
groove into which specially etched guide 


Fig.10 Cable grip for preconnectorized fiber-optic cables 
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bars are fitted, thus enabling the fibers” 
to be positioned with micrometer accu-— 


racy. 


Assembling the multifiber connector . 


An assembly unit specially developed 
for producing the splice halves (Fig. 7) 
facilitates rapid assembly. The splice 
holder receives the silicon connector 
base and aligns it between two insertion 
combs. These fix the position of the 
optical fibers with respect to the preci- 
sion-etched V-grooves in the base, so 
that the bared fiber ends can be easily 
inserted. The silicon cover, which per- 
manently clamps and protects the opti- 
cal fibers, is bonded to the silicon base 
by means of epoxy resin adhesive 
applied manually to the end fases to 
form one splice half. As capillary action 
causes the epoxy resin to seal the fibers 
and cavities, the splice half is adequately 
protected against environmental effects. 
The adhesive is cured at 80°C, due to 
the action of heaters integrated in the 
splice holder and powered via terminals 
in the baseplate of the unit. Up to six 
splice halves can be cured simultane- 
ously in this way. 


The assembly unit contains a 12 V power 
supply and the electrical controller for 
the heaters. It can be operated either 
from a built-in storage battery, an exter- 
nal battery, or via the 110/220 V ac line. 
Excessive discharging of the internal 
battery is prevented by an automatic cir- 
cuit breaker. If repairs have to be car- 
ried out in the field in poor light, the 
working area can be illuminated with a 
built-in lamp. 


After curing, the splice halves are 
removed from the holder, protruding 
fibers are broken off and the end faces 
are ground flat. 


Three grinding operations and one pol- 
ishing operation, each lasting 3 minutes, 
ensure scratch-free and hence low-re- 
flection coupling surfaces — a prerequi- 
site for low splice losses. Using the 
manual grinder supplied with the unit, 
good ground faces can be produced with 
minimum angular error. It is also possi- 
ble to grind up to six splice halves simul- 
taneously in an automatic grinding and 
polishing machine (Fig.8). For precon- 
nectorization operations in the factory, 
this represents a considerable saving in 
terms of the time and work involved. 
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Fig.11 Diagram of the finished multifiber splice joint 


The quality of the silicon end faces 
achieved (Fig.9 shows a finished splice 
half) can be checked using the viewing 
device supplied. 


After completion and testing, the indi- 
vidual splice halves are inserted in spe- 
cial cable grips (Fig.10) which protect 
them and also simplify the pulling-in 
process. These are attached to the cable 
delivery drums. 7 


Field installation 
of the preassembled 
silicon splice halves 


After the fiber-optic cables have been 
pulled in, the preconnectorized cable 
ends are removed from the cable grip 
and prepared for final installation. 


The assembly plates with floating guide 
bars are supplied in separate dust-proof 
packs. Immediately prior to installation, 
they are cleaned with alcohol and in- 
serted in an aluminum mounting plate 
which is fixed in a splice module of 
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the type used for fusion splicing. The 
splice halves are also carefully cleaned 
with alcohol. One splice half with its 
V-shaped etched alignment grooves is 
placed on the guide bars in such a way 
that the splicing plane is approximately 
in the center of the base plate (Fig. 11). 


The splice half is clamped in this posi- 
tion by means of an easily mounted 
spring clip. Before final assembly of the 
multifiber connector, index-matching 
fluid is applied to the end face of the 
second splice half — this prevents sig- 
nificant reflections at the abutment sur- 
face when the link is put into service. 
The two splice halves are then butted 
together. 


If the spring clip is not locked in position 
and slight pressure is applied, the last 
splice half installed can be slid along the 
guide bars without it jumping the align- 
ment grooves or becoming contaminat- 
ed. This splice half is fixed by applying 
pressure to the outer part of the spring. 
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Results 


Fig.12 shows a typical loss distribution 
for single-mode optical fibers. The val- 
ues obtained depend partly on the qual- 
ity of the optical fibers and partly on the 
care taken during assembly. 


The stripped optical fibers placed in the 
V-shaped etched grooves of the sub- 
strate are aligned solely by the cladding 
glass. As it is not possible to allow for 
geometric errors introduced during fab- 
rication, such as core misalignment or 
variations in diameter, additional losses 
are incurred. However, experience has 
shown that serious errors of this kind are 
an extremely rare occurrence. 


If field installation is not carried out with 
due care, impurities may produce 
increased attenuation. However, this 
can be remedied simply by dismantling 
the connector and cleaning all the silicon 
parts. 
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Fig.12 Frequency distribution of the splice loss 
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Temperature cycling tests (from — 40 to 
+ 70°C in 8 hours) with continuous loss 
monitoring showed a maximum absolute 
loss variation of 0.15 dB compared to 
the measured initial attenuation. Con- 
tinuous vibration tests with series- 
spliced modules at a loading of 10 g and 
2000 Hz in three vibration planes pro- 
duced no measurable increase in attenu- 
ation. Equally satisfactory results were 
obtained in a continuous vibration test 
performed under the same conditions on 
a completely assembled closure with ten 
silicon multiple splices, each consisting 
of four single-mode optical fibers. 


Installation work carried out in the 
meantime in the USA in the “feeder 
loop” network sector has demonstrated 
the advantages of this technique. Due to 
the short assembly times achieved, the 
method has a promising future, particu- 
larly in local networks. 


[4] Finzel, L.; Steinmann, P.: Demountable Multi- 
Fiber Connectors for Optical Waveguides. 
telcom report 10 (1987), pp. 7 to 11 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


Dieter Kunze 


Closures, Containers 


and Flexibility ACCessones 


for Fiber-Optic Cables 


As with communication — systems 
employing metallic transmission ele- 
ments, the components of fiber-optic 
cables require proper jointing in clo- 
sures, repeater containers and flexibility 
accessories. It was therefore logical to 
utilize the long experience gained with 
accessories for copper cables and to 
adapt these accessories to the special 
requirements of the new optical fiber 
transmission medium. The result is a 
complete family of straight, branch and 
vault closures, as well as repeater con- 
tainers of all sizes. Special accessories 
have also been developed for terminat- 
ing cable systems and for flexibility pur- 
poses. 


Dipl.-Ing. Dieter Kunze, 
Siemens AG, 
Communication Cables, 
Munich 


Special aspects of jointing 
fiber-optic cables 


As with copper cables, the transmission 
elements of fiber-optic cables can be 
joined using single, multiple or modular 
splices. Modular splices, i.e. splices in 
which several joints are grouped 
together in clearly arranged units, are 
becoming increasingly important in the 
field, mainly because unit cables are 
being used more and more frequently. 


This type of cable requires the splices to 
be suitably arranged in the accessories. 
In addition, the single-fiber or multifiber 
unit must have sufficient slack to enable 
the jointer to make or renew the splice 
in the jig outside the closure. The space 
inside the closure for the splices must 
always be sufficient to ensure that any 
bends in single-fiber or multifiber units 
are not tighter than the minimum per- 
missible bending radii. 


Any conventional interstitial elements in 
the cable (e.g. service wires) must, of 
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course, be connected in the closures in 
the usual way; in special applications, 
additional space is required for supervi- 
sory devices (pressure switches, mois- 
ture sensors) or for loading coils. Cable 
sheaths and shields must be joined, 
where necessary, as must also the special 
strength members of steel or high-tensile 
plastic. 


For technical and economic reasons, 
fibers are today joined almost exclu- 
sively by fusion, even when there is a 
possibility of the fiber subsequently hav- 
ing to be separated and rejoined. 
Demountable connections are installed 
only at the terminal points of a cable 
system for test purposes and for con- 
necting the equipment. 


Straight and branch closures 


Siemens’ universal closures (UC) com- 
prise basically a closure body of a highly 
stable polypropylene copolymer, a seal- 
ing system with a resilient, corrosion- 
resistant sealing compound and an inner 


Fig. 1 UCSO 4-6 universal closure with O pack (optical pack), equipped with two modules 
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metallic frame for electrical shield con- 
nection and mechanical cable sheath 
jointing. The small-capacity closures con- 
sist of half shells closed by means of 
bolts or clamping bands. The larger clo- 
sures have split end caps squeezed onto 
the cables by clamping bands and a slit 
tube closed by wedge-shaped clamping 
bars. All the closures can be fitted on 
uncut cables and placed in the ground or 
ina manhole without further protection. 
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The basic approach was to retain all the 
main components of the internationally 
adopted and proven UC closures. A few 
O packs (optical packs), are all the Fig.2 UCO 6-9 universal closure, equipped with 10 modules 
user requires to convert the UC closures 
for equally convenient jointing of fiber- 
optic cables (Table). However, UC clo- 
sures specially equipped for fiber-optic 
systems are now also available (Figs.1 
and 2). 


For these closures, the splicing module 
available is in the form of a standard 
cassette. It is suitable both for graded- 
index and for single-mode fibers. The 
O packs, on the other hand, have to be 
fitted with graded-index or single-mode 
fiber modules as required. All splicing 
modules can accommodate single-fiber 
units and multifiber units equally well. 
The modules have a central hole by 
means of which they are easily and 
neatly mounted on a stud of the O pack 
or closure. It 1s also possible to fit fan- 
outs to single-fiber cables. The O pack 
or optical fiber closure contains compo- 
nents for relieving cable stress. 


Closure type Mechanical design Maximum number Splice capacity 
of splicing 
modules 
UCSO 4-6 Half shell with bolts - Standard cassette Z 24 
(similar to Gf-TSK 100-4)* 
UC 4-6 Half shell with clamping band + Single-mode 3 | 36 
fiber module 
UCO 6-9 Slit tube with clamping bar ~ Standard cassette 123" 144** 
(similar to Gf-TK 95-64)* 
UC 6-9 Slit tube with clamping bar 5 Graded-index i5** | 180** 
fiber module 
UC 6-18 Slit tube with clamping bar 5 Graded-index 30”* 360** 
fiber module 
UC 6-18 Slit tube with clamping bar 5 Single-mode 15 | 180 
fiber module 
Gf-TK 120-80* Slit tube with clamping bar - Standard cassette 12 144 


Larger closure with capacity for up to 2000 splices on request 
* Deutsche Bundespost designation 
** Only half the capacity when used as a branch closure 


Table Overview of the principal straight and branch closures with their capacities 
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For cables with very high fiber counts, 
e.g. for fully served areas in the local 
PTT network, larger UC closures are 
available. The UC 10-20 closure, for 
example, can accommodate up to 2000 
fiber splices (Fig.3). 


Vault closures 


At distribution points, high-count fiber- 
optic cables are connected to several 
cables with a lower fiber count. This 
situation generally arises at the transi- 
tion from buried or ducted cables to spe- 
cial-purpose tip cables inside buildings 
or repeater containers (Fig.4). Closures 
are available for these applications 
which outwardly resemble the proven 
UC-type vault closures (standard clo- 
sures with flooding protection and clo- 
sures for pressurized systems). 


Here again, closure assembly is the same 
as established UC practice. Tip cables 
are inserted through the special endcaps 
and the unused openings are sealed with 
plugs. Internally, the vault closures are 
basically the same as the straight and 
branch closures. 


Repeater containers 


Since underground containers made of 
corrosion-protected steel have been 
used successfully over many years in 
numerous coaxial cable installations 
both at home and abroad, this practice 
has been continued for long-haul fiber- 
optic cables. The containers are made of 
welded steel plate, hot galvanized inside 
and out. They are given a plastic-based 
multilayer anticorrosion coating. Buried 
in the soil, these containers are largely 
insulated from external temperature 
variations and are difficult to access by 
unauthorized persons. The rubber-gas- 
keted lid bolted firmly down onto the 
container flange securely seals the 
interior while providing easy access 
when opened. The largest of these con- 
tainers, with capacity for 30 regenerative 
repeaters and the associated equipment, 
provides easy man access. In designing 
the containers, it was necessary to ensure 
that the container wall could transfer the 
energy dissipated by equipment opera- 
tion to the surrounding soil, without 
the temperature inside the container 
exceeding a specified maximum. 
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Fig.4 Man-accessibie underground container, prepared for 30 systems; 
the fiber-optic vault closure is on the right above the worktop 


Two underground containers, providing 
clearly-arranged and readily-accessible 
accommodation for the regenerative 
repeaters and meeting the particular 
requirements of optical fibers, were 
selected from the existing range. One is 
850 mm, the other 1050 mm in diame- 
ter, accommodating five and six regen- 
erators, respectively, together with the 
associated ancillary and power feeding 
equipment. 

For up to 30 regenerative repeaters (go 
and return) dissipating approximately 
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600 W, a man-accessible underground 
container is available which, of course, 
incorporates all the necessary safety pre- 
cautions for the maintenance personnel. 


The container incorporates style 7R rack 
mounting facilities in a successful appli- 
cation of a proven system to a new tech- 
nology. It is supplied fully wired so 
that on site it merely requires the incom- 
ing and outgoing cables to be spliced and 
the transmission equipment to be in- 
stalled (Fig. 4). 
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Fig.6 Cable terminal rack Gf-KEG in style 7R 
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Fig.7 Cable vault rack Gf-AG in style 7R 


Plastic containers are available in vari- 
ous sizes for lower-power, narrower- 
bandwidth transmission systems with 
correspondingly lower dissipation (e. g. 
in the short-haul network) (Fig.5). They 
provide a practical solution to complete 
the range of containers for fiber-optic 
cable installations. 


Flexibility accessories 


The global term, “flexibility accesso- 
ries,” covers those accessories which 
provide a demountable connection for 
test purposes or for ready access to 
incoming and outgoing cable fibers, so 
that they can, if necessary, be jumpered, 
i.e. freely interconnected. These acces- 
sories were developed specially for the 
fiber-optic overlay network of the 
Deutsche Bundespost. The fused fiber 
joints are accommodated in standard 
cassettes which are suitable for both 
graded-index and single-mode fibers. A 
standard cassette can hold 10 (or at the 
most, 12) fiber joints. 


The fiber-optic cable terminal rack 
Gf-KEG (Deutsche Bundespost desig- 
nation), designed in style 7R, can accom- 
modate 60 demountable connections in 
a central section (Fig.6). Since it is pre- 
ferable to assemble the fiber-optic con- 
nectors in the factory, “pigtails” (con- 
nectorized single-fiber lines) are used. 


These are fused to the cable on site. A 
splice field is provided for this purpose 
in the bottom section of the Gf-KEG, 
allowing the splices to be installed in the 
same way as in the cable vault rack 
described below. The top section of the 
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Gf-KEG contains terminating facilities 
for the copper conductors of the fiber- 
optic cables. 


The cable vault rack Gf-AG, also in 
style 7R, serves as the transition 
between outdoor and indoor cables and 
also as a jumpering distributor (Fig.7). 
Apart from providing a terminal panel 
for copper conductors, the vault rack : 

consists of three splice fields: the fibers | lhl 
of the interoffice cables are connectedin 7% Wii. 
the top field, those of the indoor cables needa tt 
of the exchange in the middle field, and ™& ee 
those of the subscriber lines in the bot- | 
tom field. Ip ots CoRet aCe: 


treet et, 
i 


af | 


! 


CALL 


Connections between different cable dblsdedilihdbidhdei iia 
fibers are made with jumpers. To enable | Bergrareae ier 
splicing work to be carried out at a nor- ae aS eet 
mal working height, the 13 splice cas- oe 
settes of each splice field are combined 
in a magazine mounted on a pivoted 
arm. For splicing, the magazine can be 
taken out of the pivoted arm and 
clamped onto the workbench. This pro- 
vides convenient access to all splice cas- | mm , 
settes. Sufficient fiber slack is provided | Be Stiri. ig 
to facilitate working and multiple res- | — ‘ 
plicing. 


A similar design principle is used for the 
terminal head Gf-EVs (Deutsche Bun- 
despost designation), which is installed 
in ordinary cable distribution cabinets at 
the transition from main cables to dis- 
tribution cables (Fig.8). The terminal 
head also contains a pivoted arm with a 
removable magazine for 13 standard cas- 
settes. Two of these terminal heads can 
be installed in one cable distribution 
cabinet bay which is normally used for 
terminating 300 copper conductors. 


| 
Ba e 


Fig.8 Terminal head Gf-EVs in a cable distribution cabinet 


The terminal distribution box Gf-EVz 
(Deutsche Bundespost designation) 
serves as a transition accessory between 
outdoor and indoor cable at the sub- 
scriber’s premises. It consists of a sur- 
face- or flush-mounted box with an inset 
for two standard cassettes and a terminal 
strip for two copper wire pairs (Fig.9). 


Cable accessories 
in the fiber-optic network 


The accessories presented here thus 
form a complete system which meets all 
current requirements relating to the con- 
struction of local and long-distance net- 
works. Fig.10 shows in simplified form 
specific examples of their application. Fig.9 Terminal distribution box at the subscriber’s premises 
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Fig.10a contains all cable accessories 
required in the local network; Fig.10b 
shows those necessary in the long-dis- 
tance network. 


It should be noted that the fiber-optic 
vault rack is characteristic for the 
gradual expansion of an area-covering 


local network. As long as most local 
exchanges need no or only a few fiber- 
optic equipment units, the fiber-optic 
cables located in the fiber-optic vault 
rack are either partially or completely 
connected with the next exchange hav- 
ing the necessary equipment. As the 
fiber-optic local networks grows, the 
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necessity of switching fiber-optic lines in 
the fiber-optic vault racks will decrease 
until, finally, vault closures will suffice 
in their place as is the case with copper 
cables. Furthermore, a fiber-optic main 
distributor may become necessary, 
depending on the switching system 
employed. 


Fiber-optic 
terminal head 
(jumpering point) 


| ie Diode | 
| | 
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Fig.10 Structure of a fiber-optic telephone network in the local network (a) and in the long-distance network (b) 
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Fiber-Optic Projects in Europe 


The aim of this article is to provide on 
overview of the fiber-optic cable systems 
installed by Siemens in Europe. Refer- 
ence is made to projects of the Deutsche 
Bundespost and other European PTTs. 
The plans of PTTs to transmit future 
new Services on optical fibers are of far- 
reaching importance for the entire com- 
munications industry; moreover, the 
introduction of new technology is paving 
the way for other users. Fiber-optic sys- 
tems of ‘other users” are described by 
reference to selected typical examples. 


Dipl.-Ing. (FH) Ginter Kostler, 
Siemens AG, 
Communication Cables, 
Munich 


Fiber-optic cable systems 
for the Deutsche Bundespost 


The Deutsche Bundespost’s objective 
with the initial projects was to cooperate 
with industry in investigating fiber-optic 
systems as fully as possible under 
operating conditions. The empirical data 
thus obtained were to provide informa- 
tion not only on “feasibility,” i.e. the 
technology and economics involved, but 
also on such important operating para- 
meters as 


e reliability, 


e handling by Deutsche Bundespost 
personnel and 


e the introduction of this new technol- 


_ ogy into the existing infrastructure and 


the individual network levels. 


The last point was particularly important 
for formulating objectives. 


The telephone network (Fig.1) is 
divided into local and long-distance net- 
works. In the local network the sub- 
scriber is connected to the local or end 
exchanges via distribution and main 
cables — known collectively as local 
cables. Local exchanges in turn are 
interconnected via local interexchange 
trunks. 


In the long-distance network, a distinc- 
tion is drawn between the regional and 
national levels. The regional network 
begins at the end exchange and extends 
via the node exchanges to the main 
exchange. The trunks to the central 
exchange are located in the national 
long-distance network. 


Local network 


About ten years ago the first fiber-optic 
cable was installed in the telecommuni- 
cation network of the Deutsche Bundes- 
post (Fig. 2). 
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The 4.3 km long cable in the local 
interexchange network of West Berlin 
has 8 graded-index (multimode) fibers 
on which 34-Mbit/s signals are transmit- 
ted at an optical wavelength of 850 nm. 
In this pilot project, “Berlin I,” the long- 
term performance of cables and trans- 
mission systems is being investigated 
under field conditions [1]. 


The “Berlin II” and “BIGFON” projects 
in 1980 and 1983 were the first in which 
the optical fibers were extended into the 
subscriber’s home. These projects in the 
subscriber loop network have different 
objectives. The main purpose of the 
“Berlin II” system in the Wilmersdorf 
district was to test the new cable tech- 
nology under the particular conditions 
of the local network: 


e construction of cables with a high 
fiber count, 


Central 
exchange 
National 
Main 
OT = See exchange 
Long-distance 
network 
Regional Node 
exchange 
End 
exchange 
Local Local 
interexchange exchange 
network 
Local —--—-—- Local 
up exchange 
network | ca! 
subscriber 
network 
a4 


Fig.1 Structure of the Deutsche Bundespost 
telephone network 
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Fig.2 First fiber-optic cable in the Deutsche Bundespost telephone network, 
installed on September 1, 1977 in West Berlin as an interexchange cable 


e pulling indoor cables into conduits, 
some already containing copper wiring, 


@ jointing of the cables in congested 
manholes and 


® on-site connector assembly. 


This experience provided the basis for 
planning and implementing the cable 
system for the “BIGFON” project 
(broadband integrated glass fiber local 
communication network) in Munich and 
West Berlin. In this project, a possible 
form of future communication system is 
undergoing trials [2]. 


Common features of both projects are: 


e the subscriber terminals (76 in 
“Berlin II” and 56 in “BIGFON”) are 
each connected to the exchange by two 
optical fibers, 


e the use of graded-index fiber (operat- 
ing at an wavelength of 850 nm) and 


e cables in long pulling lengths (1000 m 
and more) to reduce the number of 
splices compared to copper systems, 
thus minimizing the added loss caused 
by spliced joints. 
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Long-distance network 


The Deutsche Bundespost’s first opera- 
tional fiber-optic route, spanning 
15.4km between Frankfurt 1 and 
Oberursel [3] in the regional network, 
has been transmitting up to 480 tele- 
phone conversations simultaneously for 
more than seven years. The six graded- 
index fibers in the cable are designed for 
operation at 850 nm. 


For fiber-optic trials in the national net- 
work, the Deutsche Bundespost selected 
in 1982 a 9-km long cable route between 


Parameters 

Fiber type 

Core diameter (um) 
Operating wavelength (nm) 
Loss (dB/km) 
Pulse spreading (ps/km) 
Average/max. pulling-in length (m) 
Average splice loss (dB) 


Entered service 


telecommunication center 1 and local 
exchange 451 in West Berlin. 


The four graded-index fibers in the cable 
are looped in pairs at a terminating point 
so that the 140-Mbit/s signals are trans- 
mitted over a total link length of 18 km. 
This project, “Berlin III,” is being used 
to carry out long-term measurements of 
the transmission characteristics. 


With the “Berlin IV” project, the 
Deutsche Bundespost is providing the 
participating firms with the opportunity 
to demonstrate and test their technical 
solutions for transmitting 140-Mbit/s or 
565-Mbit/s signals on single-mode fibers. 
In 1984, Siemens installed a system ca- 
pable of exploiting all the technical 
facilities available in the project. For 
instance, two 140-Mbit/s signals and one 
565-Mbit/s signal are transmitted simul- 
taneously over a distance of 36 km with- 
out regenerative repeaters, on just one 
single-mode fiber. The wavelength-divi- 
sion multiplex system (WDM) required 
for this purpose is designed for opera- 
tion at optical wavelengths around 1300 
and 1550 nm. Thus, for the first time, 
transmission in the third window at 
1550 nm is being tested under field con- 
ditions for the Deutsche Bundespost 
network [4]. 


Experience 
with fiber-optic cable systems 


The experience gained from the projects 
implemented by Siemens for the 
Deutsche Bundespost may be classified 
into operational and technical aspects. 


As regards the operational aspects, it 
has been established that the new trans- 
mission medium performed successfully 
under field conditions, and it presents 
no problems in being incorporated in the 
network and existing infrastructure (the 


Pilot projects 


Graded-index fiber 


Berlin I (1978) Berlin IV (1984) 


Single-mode fiber 


62.5 9 

850 1300/1550 
5.0 0.4/0.2 
2000 20 
400/622 2000/3743 
0.36 0.09 

1978 1984 


Table Principal specifications of the fiber-optic cable systems for the Berlin I and Berlin I'V pilot projects 
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fiber-optic cables can be laid and jointed 
in ducted, buried or aerial applica- 
tions). It also presents no handling prob- 
lems for Deutsche Bundespost person- 
nel [5]. 


How rapidly the design of fiber-optic 
cables has advanced is shown strikingly 
in the Table comparing the main param- 
eters of the Berlin I (1978) and Berlin IV 
(1984) pilot projects for the Deutsche 
Bundespost. 


The prime reason for this highly 
advanced state of development is that 
the experience has been gained not on 
laboratory models but on cable installa- 
tions for operational systems. 


Applications 
for fiber-optic systems today 


In addition to the pilot projects, of 
which a few have been described here, a 
number of fiber-optic transmission links 
have been installed in the long-distance 
network since 1984. One that is worth 
special mention is the long-distance net- 
work from Bremen via Munich to 
Nuremberg. The cable plant is largely 
complete, and work is_ proceeding 
smoothly with installing and connecting 
the main 140-Mbit/s circuits. This year 
should also see 565-Mbit/s systems going 
into operation. 


The national long-distance link will 
ensure that there is adequate capacity to 
handle the growing traffic from conven- 
tional services. It also offers the possibil- 
ity of transmitting new broadband ser- 
vices. Broadband services for individual 
communication (e.g. moving pictures 
and high-speed data) require an optical- 
fiber path extending right to the sub- 
scriber. In the local network, an overlay 
network is being employed to provide 
facilities for connecting interested sub- 
scribers [6]. 


The technical concepts of the present-day 
fiber-optic cable plant in the Deutsche 
Bundespost telecommunication network 
are based on the experience gained from 
the pilot projects. Their main features 
are: 


e Type of optical fiber 

Owing to the clear advantages (Table), 
the graded-index fiber used in the past is 
now being replaced by the single-mode 


fiber. The transmission characteristics of 
single-mode fibers at an operating 


wavelength of 1300 nm are a maximum 
attenuation of 0.4 dB/km and dispersion 
of 3.5 ps/km - nm in the long-distance 
network. 


Since the transmission links in the local 
network are shorter than those in the 
long-distance network, a maximum 

of 0.5 dB/km and 6 ps/km - nm are 
adequate here. The dimensions of 

the single-mode fibers used in the local 
and long-distance networks are 


Fig.3 Fiber-optic cable with 40 single-mode 
fibers, designed to Deutsche Bundespost 
specifications 
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identical (core diameter 9 to 10 um, 
outside diameter 125 um). 


e Cable design 


The designs and requirements of these 
optical fibers (Fig.3) are laid down in 
the Technical Specifications of the 
Deutsche Bundespost. 


e Jointing 


As with the cable designs, the approach 
was to avoid different solutions being 
offered by individual firms and to 
develop instead uniform installation 
hardware and a compatible jointing 
system. 


This approach meets the technical 
requirements for employing fiber-optic 
cables at all levels of the Deutsche 
Bundespost network. 


Fiber-optic projects of other 
government agencies in Europe 


The first fiber-optic link for the Greek 
PTT (OTE) was installed at the begin- 
ning of 1981. The 11.3-km cable, com- 
prising six graded-index fibers and link- 
ing two exchanges in Athens, is pro- 
tected against rodent attack by addi- 
tional steel-wire armoring. Since the 
facility entered service, transmission 
with the 34-Mbit/s systems has been 
troublefree. 


Early in 1986 the CTT Portugal put into 
service the fiber-optic connecting cables 
between Famalicao and Santo Tirso and 
between Avairo and Estarreja for the 
transmission of 34-Mbit/s signals. The 
fiber-optic cables incorporate 4 graded- 
index fibers and total 31.2 km in length, 
20 km of which are _ self-supporting 
aerial cable of “figure 8” design, and 
11.2 km are ducted cable. 


The German Federal Railways operates 
a long-haul network for the internal 
transmission of telephone calls and data 
between the network nodes. For all 
additions to this level of the network, 
whether planned or currently under con- 
struction, the German Federal Railways 
has decided to use the digital fiber- 
optic transmission system, LA34LWL 
(Fig.4). In mid-1986 Siemens completed 
the cable plant for the first regenera- 
tor section between Mannheim and 
Hockenheim. The cables contain two 
and four graded-index fibers, respec- 
tively, and their design complies with 
DIN VDE 0888 [7]. 


271 


Fiber-Optic Technology 


Fiber-optic systems for industrial 
applications in Europe 


Fiber-optic technology is also being used 
more and more in non-PTT applica- 
tions. This is due less to the high trans- 
mission capacity of the optical fiber than 
to the advantages of zero-potential 
transmission and immunity to elec- 
tromagnetic interference. In situations 
where inductive interference (high 
switching currents, concentrations of 
power lines) is increasing while the 
receiver circuits for the communication 
systems are becoming ever more sensi- 
tive, optical communication provides an 
attractive alternative to other solutions, 
such as complex potential equalization 
circuits. 


A particularly interesting application is 
the transmission of information via opti- 
cal fibers by electric utilities. Some of 
the many systems planned and installed 
by Siemens are described below. 


The first system of this kind installed 
by Siemens has been operated by 
the Austrian Power Authority without 
trouble since 1980. A cable, comprising 
four graded-index fibers, was lashed to 
the ground conductor of an existing 
5.1-km long 100-kV power line from 
St. Peter to Ranshofen [8]. 


In order to cope with the increasing 
amount of data traffic in the Hessian 
Electricity Company (HEAG), a 140-km 
long fiber-optic ring line was installed 
between four communication nodes. 
The six graded-index fibers in the cable 
transmit signals at a rate of 2-Mbit/s. 
The network structure enables the data 
and telephone traffic to be rerouted in 
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laid as buried cable. The system has 
been in operation since late 1986. 
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Fiber-Optic Cable Projects 


inthe USA 


Siecor Optical Cable, Inc., was founded 
as a joint venture between Siemens Cor- 
poration and Corning Glass Works. 
Since then, intensive work has been car- 
ried out in the field of fiber-optic tech- 
nology — the fact that more than 1 mil- 
lion kilometers of cabled fiber have 
already been installed speaks for itself. 
The majority of the demand has been 
for outdoor installations involving duct, 
aerial, and buried cables. Cable trays 
and conduit systems are typically used 
for indoor installations. 


This article discusses the typical cable 
plant and the installation techniques 
usually employed in the USA. Based on 
the outstanding performance record of 
optical cables since their inception more 
than a decade ago, applications and 
experiences in the long distance trunk, 
feeder loop, and the local loop are dis- 
cussed. The rapid trend from multimode 
to single-mode fibers as a transmission 
medium for long distances and high data 
rates will be addressed. 


Siecor Optical Cable, Inc., now a divi- 
sion of Siecor Corporation, was founded 
in 1977, when the use of fiber-optic 
cables was still in its infancy. This fact, 
coupled with a customer network spread 
Over a wide area, called for special busi- 
ness strategy for the field. The key to 
this strategy was that the transmission 
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properties of the entire passive transmis- 
sion subsystem (PTSS) were specified 
and guaranteed. PTSS is defined as the 
fully installed, spliced cable between 
end connectors. The hardware product 
line includes cable, connectors, splicing 
equipment, splice installation, protec- 
tion materials, and test equipment, tech- 
nical support, and field engineering, 
splicing, and system testing. 


Since fiber optics has become more 
widely used and proved to exhibit out- 
standing performance, many users, such 
as telephone companies in the USA, 
have begun treating this new technology 
similarly to copper cables. Instead of 
PTSS or even turnkey responsibility by 
the supplier, customers often assume the 
responsibility of component integration 
and installation themselves. 


The objective of this article is primarily 
to give information on customary 
American installation and _ splicing 
techniques, field testing, reliability and 
repairs, and to illustrate these points by 
reference to typical cable systems. 
Specific types of cables had to be devel- 
oped for the various applications and 
environmental conditions. These are 
described in greater detail in [1]. 


Installation techniques 


Fiber-optic cable has been successfully 
installed in many harsh environments. 
These include underground duct systems 
and aerial, buried, in-building, and 
underwater cable installations. In all 
cases, installation techniques are very 
similar to those used for copper cables. 
Care must be taken to maintain the 
cable’s specified minimum bend radius, 
limit the maximum tension on the cable, 
and protect the cable in areas exposed to 
damage. 
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Underground duct systems typically con- 
tain 4-inch (10 cm) diameter ducts with 
manholes located at 600 feet to 800 feet 
intervals. The duct is often sectionalized 
by installing 3 to 4 subducts with 1 to 
1.5-inch inside diameter. This permits 
future installation without potential for 
damage to existing cables. The cable is 
pulled with a winch while monitoring 
cable tension. 


Aerial cable is lashed with steel lashing 
wire to a stranded steel messenger or 
existing cable plant. Techniques are 
identical to copper cable practices. 


Cable directly buried in the earth is usu- 
ally armored to protect against rodent 
damage and provide extra crush restis- 
tance. It is usually buried at depths of 
33 to 48 inches (84 to 122 cm) by placing 
it in a trench or plowing with a vibrating 
or Static plow. 


Cables in buildings are typically installed 
by securing in cable trays, or cable lad- 
ders or by pulling into metallic conduit. 
Long maximum vertical rise specifica- 
tions allow long vertical runs. Fire codes 
usually dictate cable materials and are 
becoming stricter every year. 


Splicing techniques 


Manufacturing limitations and installa- 
tion obstacles make field splicing of 
fiber-optic cables a necessity for many 
installations. It is desirable to minimize 
the number of splices in a system due to 
attenuation budgets and labor costs. 


Splicing may be by fusion or mechanical 
means. Fusion melts the fiber ends 
together under an electric arc. Mechani- 
cal splicing physically butts the two fiber 
ends. Both these methods have been 
extensively used in field applications. 


273 


Fiber-Optic Technology 


A 
Portland 


ento 
San Francisco 


————— Fiber-optic routes of MCI 
—— Fiber-optic routes of WilTel 


Minneapolis 


Milwaukee 
Cedar Rapids 


Dallas 
Austin A 


Antonio «A 


~~ Digital radio relay routes of MCI 
—--— Digital radio relay routes of WilTel 


Fig. 1 Fiber-optic networks for digital transmission in the USA 


Typical trunk systems 
using multimode fiber cables 


The typical trunk system 4 to 8 years 
ago was a multimode, 850-nm system 
handling data rates of up to 45 Mbit/s. 
Lengths were usually limited to less than 
10 kilometers between signal regenera- 
tors due to attenuation and bandwidth 
limitations. Examples are described as 
follows. A more complete description is 
given in [2]. 


Joplin (Missouri) 


This analog transmission CATV net- 
work was installed in 1978 and was 
designed to link 2 sites approximately 
6km apart with a 6-fiber aerial cable. 
The ease of this installation technique 
was illustrated by the fact that each of 
the 3-km cable lengths was lashed to its 
own dedicated steel messenger in one 
day. 


Carlisle (Pennsylvania) 


Early 1979 the Harris Corporation and 
Siecor Optical Cable installed a 12-km 
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(repeatered), 6-fiber dielectric cable in 
order to provide United Telephone with 
a 45-Mbit system which used various 
installation techniques: aerial, duct, and 
a relatively small amount that was 
plowed or trenched. 


Phoenix (Arizona) 


Also in early 1979, Siecor Optical Cable 
worked with Mountain Bell to install a 
continuous, 3-km, all dielectric cable in 
a duct system. The cable reel was placed 
at the center of the outside plant system 
and pulled 1.5 km in one direction, 
dereeled and the remainder pulled in the 
other direction. This entire program 
took only six hours and led the way for 
the installation of longer lengths by 
demonstrating the ease of the center pull 
techniques. 


Colorado Springs (Colorado) 


In September 1980, the world’s longest 
8-fiber system (31 km) was installed for 
Mountain Bell. It was an 8-fiber system 
which had three regenerators located 
in manholes and was spliced together 


e Cities serviced 
A Cities with intra-city systems 


using fusion splices. This 100% duct 
installation was completed in two 
months, a record in those days. 


Woodbridge (Virginia) 


By 1981, the use of 1300-nm transmis- 
sion equipment enabled operating Tele- 
phone Companies to extend their de- 
signed span lengths to twice that avail- 
able at 850 nm. This was due to the 
lower fiber attenuation available at this 
wavelength. Siecor provided the first 
cable system (17 km without repeaters) 
of this type for Continental Telephone 
Company of Virginia. 


Typical trunk systems 
using single-mode fiber cables 


During the past four years, a major 
trend toward utilization of single mode 
fiber-optic cables for toll and trunk 
applications has been observed, espe- 
cially in the USA. More than 90% of 
new toll, trunk and feeder circuits are 
being met by single mode technology 
today. All of the major routes of the net- 
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Fig.2 WilTel pulls standard fiber-optic cables 
through 14-inch innerduct which is layed 
in existing 8-inch pipes 


works of the Common Carriers, such as 
MCI, US-Sprint, Williams Pipelines, 
etc. use single-mode fiber cable exclu- 
sively. In the following a summary of 
some typical single-mode fiber cable 
systems Is given. 


MCI 


MCI has been installing single mode 
fiber-optic cable since 1983. In fact, they 
were one of the first companies investing 
in a single-mode high bit rate system 
(405 Mbit/s). As outlined in [3], one of 
these pioneering projects was a 24-km 
link between an MCI microwave junc- 
tion station at Dominguez Hills and an 
MCI office in downtown Los Angeles, 
California. In this installation, all of the 
outside plant installation work was done 
by Western Union Corporation. They 
placed the cables aerially and in poly- 
vinyl chloride subducts with 25.4-mm 
inside diameter using conventional tele- 
phone placing techniques modified to 
cover the special requirements of the 
fiber-optic cables: 2700 N maximum in- 
stallation force and minimum bend radi- 
us of 20 times the cable diameter under 


Cable sheath length 25 km 
Number of fibers 46 

Number of splices 13 

Average splice loss 0.21 dB 
Average fiber loss 0.57 dB/km 
Average total attenuation 15 dB 


Table 1 Results of system tests on an MCI 
fiber-optic route 


tension. The cables were installed in 1-, 
2- and 3-km lengths during July 1983. 


These cables were spliced using a Siecor 
M-66 fusion splicer (multimode) mod- 
ified by removing the original fiber hold- 
ing mechanism and adding three preci- 
sion stages to the machine. This change 
was necessary to have the stability of 
position and fine control of fiber adjust- 
ment before fusion. MCI now uses a 
production Siecor single-mode fusion 
splicer M67-OSM on its other routes. 


An 850-nm optical time domain reflec- 
tometer (OTDR) was used to measure 
the splice loss. The results of the system 
tests are reported in Table 1. 


During final testing and before system 
turn up, a technician noticed that some 
of the fibers were not transmitting light. 
Fault location with an OTDR showed 
the break to be in the middle of an aerial 
section of the cable run. This section of 
cable was dropped to the ground. When 
inspected, it was found that a .22 caliber 
rifle bullet had penetrated the cable and 
armor but only damaged 13 fibers in one 
buffer tube, leaving the remaining 33 
fibers intact. A team of Siecor techni- 
cians went to the site and demonstrated 
that a partially failed cable can be 
repaired without damage to the 
untouched buffer tubes. The damaged 
buffer tube was opened and the fibers 
were spliced, the process taking 
approximately six hours. 


Further examples of progress in single- 
mode fiber cable installations are shown 
in Fig. 1 and Table 2. 


The vast majority of these systems are 
installed along the railroad tracks and 
are working at 405 Mbit/s with one 
64-km span (Manhattan-White Plains) 
working at 810 Mbit/s. The entire in- 
stalled system can be upgraded to the 
higher bit rate for a 100% capacity 
increase by simply changing the elec- 


Route kilometers installed Number of repeaters 


480 19 | 
1600 af 
4000 121 | 
8800 246 
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tronics. This capacity planning is typical 
of all long distance carriers. 


WilTel 


Formerly known as Williams Pipeline 
Company, WilTel was formed in 1985 to 
exploit the availability of long sections 
of right of way that were available to 
them from their parent company, the 
Williams Company. In 1986/87, WilTel 
will place 4800 km of fiber-optic cable. 
This system will be linked to its 
11,200-km National Telecommunica- 
tions Network to provide advanced 
digital telecommunications across the 
United States (Fig. 1). 


The unique feature of the WilTel net- 
work is that it evolved from a pipeline 
company’s needs for good control com- 
munications along their (pipeline) net- 
work and they simply expanded their 
own network and resold this excess 
capacity to other common carriers 
(OCC). OCC is defined as any carrier 
other than ATT who is selling long dis- 
tance telecommunications. 


Somewhat less than half of the WilTel 
network is placed in obsolete gas pipe- 
line. These sections of the network have 
approximately 40 km between repeat- 
ers. The cable contains 22 single-mode 
fibers placed in an armored polyethy- 
lene jacket which is then placed in a 
1%-inch ID subduct which had previ- 
ously been placed in the gas pipeline 
(Fig. 2). 


Most of the remaining sections are direct 
plowed alongside of the pipeline, within 
the pipeline right of way. The plowed 
cable is similar in internal construction 
to the gas pipeline cable but has a sec- 
ond corrugated armor layer manufac- 
tured over the standard structure. The 
double armor was specified to insure 
WilTel against rodent damage. Both the 
subduct and the direct plow application 
are typical U.S. installation techniques 
which have a high emphasis on protect- 


Average repeater span (km) 


Table 2 Overview of fiber-optic cable routes installed by MCI 
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Fig.4 Schematic design of a fiber-optic feeder network for a carrier serving area (CSA) 


ing the cable and fast cheap installation 
techniques. 


Approximately 85% of the 1900-km 
fiber-optic route will be inside WilTel 
pipelines of six- and eight-inch diam- 
eters. Cable along the rest of the route 
will be plowed in. It is estimated that the 
in-the-pipeline construction costs will be 
40% less expensive than the conven- 
tional trenching methods. 


In 1986 WilTel has installed fiber-optic 
cable in selected pipelines from Kansas 
City to Tulsa and from Des Moines to 


Minneapolis, also a total distance of 
about 800 km. 


The pipelines selected to carry the fiber- 
optics were installed in the 1930s. All 
are uncoated lines, and some date to the 
original 1900-km system built in 1931. 
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Typical feeder loop applications 


Decreasing cost trends of both single- 
mode fiber-optic cable and terminal 
electronics and the elimination of large 
numbers of digital repeaters are the 
main reasons for the success of fiber 
technology for toll and trunk applica- 
tions. The next level of penetration for 
fiber-optic technology is the subscriber 
feeder and, further in the future, dis- 
tribution networks. 


Fiber-optic subscriber feeder network 
topologies are significantly different 
from those of trunk applications. Unlike 
trunk applications where circuit de- 
mands are point-to-point with both end 
locations well defined, subscriber feeder 
routes have one end point located in the 
central office and several remote points 
located throughout the exchange area. 


Figs. 3 and 4 show a typical feeder topol- 
ogy within a carrier serving area (CSA) 
[4]. 

The following is a summary of some 
feeder loop installations by Siecor 


addressing the following key require- 
ments: 


e modular concept with varying 
fiber counts, 


@ unique unit identification 
(working/protection fibers) and 


@ easy access for rearrangement 
purposes. 


These items are illustrated in the follow- 
ing descriptions [5] of the McLean, Vir- 
ginia feeder route built by C&P Tele- 
phone in mid 1986. 


The feeder system was designed to re- 
inforce facilities in an area of McLean, 
Virginia served by C&P Telephone’s 
Lewinsville Central Office. This area 
includes a predominantly business cus- 
tomer base and is often referred to as 
the “Silicon Valley” of the east. The cus- 
tomers include such companies as TRW, 
Boeing Aircraft, Burroughs, IBM and 
Honeywell. Forecasts anticipate the 
business service requirements in the 
area to double between 1983 and 1989. 
The current facilities, consisting exclu- 
sively of voice frequency copper plant, 
were determined to be inadequate to 
handle this growth. 


Modular concept 


The McLean feeder route services seven 
initial remote locations (Fig. 5). Five of 
the remote sites are located in customer 
buildings with two located in Controlled 
Environmental Vaults (CEVs). The 
seven remotes are located from 4.6 km 
to 7.3 km from the central office and 
include both 45-Mbit/s and 135-Mbit/s 
fiber-optic terminals employing a 1x1 
protection switching arrangement. 


Due to the highly concentrated business 
environment, the feeder route was 
designed to terminate 12, 16 or 24 fibers 
at each remote location. The branching 
cable design minimized cable investment 
and optimizes duct utilization. The loca- 
tion of the branch points offers max- 
imum flexibility in selecting remote 
equipment sites. The design includes 
five splice points where cables branch 
and, in all but one cases, branch into 
three or more directions. 
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Unique unit identification 


The Siecor Feeder-Bundle cable offers 
an identification feature which separates 
the working and protection fibers into 
distinctly marked buffer tubes located 
diametrically opposite to one another. A 
pair of tubes is assigned to each remote 
location. A solid colored tube carries the 
working fibers and a tube with the same 
color, but with a black tracer, carries the 
protection fibers. The number of fibers 
in each buffer tube is determined by the 
capacity requirements of the remote site 
(as long as a maximum count of six is not 
exceeded). 


The ability to identify the protection and 
working fibers allows a craftsman to 
splice half the fibers (i.e., in either 
working or protection), thereby estab- 
lishing service continuity in half the time 
it would otherwise take. This is an obvi- 
ous advantage in the case of a catas- 
trophic failure such as a cable “dig up.” 
Also, without clearly marked protection 
fibers, the craftsman would be required 
to refer to paper records. The fiber iden- 
tification process would then become 
more complex and not only decrease 
restoration efficiency but also introduce 
an opportunity for craft-related errors. 


Easy access 


Because it is easy for a craftsperson to 
tell the protection fibers from working 
tubes, if the fibers require rearrange- 
ments because of a cable relocation, the 
changes can be performed in a two-step 
sequence without disrupting the services 
offered to the business customers. The 
process involves opening the cable 
sheath, cutting half the fibers (i.e., 
either working or protection) and then 
splicing these fibers to an alternate 
cable. After splicing of the first half is 
completed, services can be switched to 
the rerouted fibers and the remaining 
rearranged. 


In addition to facilitating cable throws, 
this design segregation simplifies 
unplanned access to spare fibers. If 
spare fibers are located in a buffer tube 
along with fibers carrying live traffic, 
they can be accessed using the same two- 
step sequence used for cable throws. In 
addition, cable drops for new customers 
can be provided without disrupting ser- 
vice. 
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Fig.5 Diagram of a fiber-optic feeder network showing the splice points and number of optical fibers 


Length (km) 


mon Ww p> 


Number of 
Splices 


Average end-to-end 
performance (dB/km) 


at 1300 nm 


at 1550 nm 


0.33 
0.31 
not measured 
not measured 
0.29 


Table 3 Performance data of various installed fiber-optic cable systems 


Performance of optical passive 
transmission subsystems (PTSS) 


System performance 


In order to evaluate PTSS performance, 
the performance of each individual cable 
has to be known. Fig. 6 shows a typical 
attenuation distribution of Siecor single- 
mode fiber Minibundle cable for two 
wavelengths. The mean for thousands of 
fiber kilometers of cable is 0.358 dB/km 
at 1300 nm and 0.209 dB/km at 1550 nm. 


In Table 3 performance data for some 
installed cable systems are summarized. 
The given end-to-end attenuation 
figures are averages for all fibers in each 
system and represent the kilometric loss 
of the installed and fusion-spliced cable 
for the given span length. These exam- 
ples demonstrate the excellent perfor- 
mance of single-mode fiber PTSS. 
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To prove the end-to-end system band- 
width, dispersion has to be measured. A 
Siecor M75 single mode fiber Dispersion 
Test Set was used recently to measure a 
36.6-km and a 73.2-km span. The speci- 
fied dispersion performance in the wave- 
length range from 1285 nm to 1330 nm 
is +3.5 ps/nm:km. The actual mea- 
sured values for several fibers of both 
spans were — 2.6 to —2.8 ps/nm: km at 
1280 nm and + 1.3 to + 1.6 ps/nm- km at 
1330 nm. The repeatability of the mea- 
surements for all fibers was excellent 
and the dispersion characteristics were 
better than specified by Siecor. 


System reliability 


The reliability performance of installed 
fiber-optic systems is excellent although 
some failures have been reported [6]. 


Zif 
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Frequency 


1340 
GHz 
1206 


1072 


0.290 0311 0332 0353 0.374 


0.395 0416 0.437 0.458 dB/km 0.500 


Attenuation ——»> 


b 
f Frequency 
0.130 0.156 0.182 0.208 0.234 0.260 0.286 0.312 0.338 dB/km 0.390 
Attenuation —_» 
a Mean 0.358 dB/km b Mean 0.209 dB/km 
Standard deviation 0.024 dB/km Standard deviation 0.025 dB/km 
Sample size 46,008 Sample size 7765 


Fig.6 Typical attenuation distribution of single-mode fiber Minibundle cable 


at 1300 nm (a) and 1550 nm (b) 


Intrinsic fiber reliability and the effects 
of cabling have been studied exten- 
sively. The limitations are well under- 
stood, and the design principles for any 
given set of environmental and installa- 
tion conditions are known [7]. Cable sys- 
tem reliability is influenced by the reli- 
ability of the system components, name- 
ly, the input/output connectors/pig- 
tails, splices and the cables themselves, 
whose reliability in turn is limited by 
that of the fibers. 


There are three key characteristics of 
optical fibers which may be affected by 
environmental conditions: 
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e strength, 
e attenuation and 


e resistance to losses caused 
by microbending. 


The reliability of fibers for a given appli- 
cation 1s ensured by selection of the 
appropriate fiber design, coating, con- 
trol of the cable manufacturing process 
and extensive environmental testing 
prior to qualification. 


In Table 4 previously reported [8] data 
on 38 Siecor cable systems is sum- 
marized. The 312 sheath-km consist of 
approximately 55% underground duct, 


25% direct buried and 20% aerial plant. 
The study covered the period from Janu- 
ary 1977 to July 1982. 


For purposes of the study, failure was 
defined as performance outside the spe- 
cified limits, and failures were classified 
into three categories: 


e unavoidable extrinsic, 
e avoidable extrinsic and 
e intrinsic. 


The largest number of failures are 
unavoidable extrinsic breaks such as 
those due to digups, breaking poles, col- 
lapsing ducts, etc. Avoidable extrinsic 
failures are those due to improper instal- 
lation. Intrinsic failures are fiber failures 
that occurred while the cable was han- 
dled, installed, and operated within 
specifications. 


More recent data from MCI is sum- 
marized in Table 5. No intrinsic fiber/ 
cable failures were reported. The 18 
incidents are all extrinsic and are domi- 
nated by cable cuts, as before. 


Recently, a good deal of interest was 
concentrated on the effects of hydrogen 
on the optical attenuation of fiber [9 to 
15]. At least three components have 
been identified. The effect of intersti- 
tical molecular hydrogen (H;) is revers- 
ible and is insensitive to glass com- 
position. Reactions forming — short 
wavelength edge effects and hydroxyl 
(OH) effects are permanent. The latter 
effect is also composition dependent. 


Permanent effects are associated with 
defects in glass structure caused by com- 
position and processing conditions. Very 
few cases have been reported where 
multimode fibers, highly doped with 
phosphorus, in terrestrial and submarine 


Number of systems 38 
Sheath-km 312 
Sheath-km hours 4,731,263 
Fiber-km hours 39,925,656 
Number of incidents 

e Unavoidable extrinsic 10 
e Avoidable extrinsic 3 
e Intrinsic 1 


Table 4 Reliability data for Siecor fiber-optic 
cables for the period from January 1977 to July 1982 
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cables exhibited attenuation increases of 
0.7 to 1.8 dB/km in the 1300-nm range 
after a 2-year time frame. 


For today’s low phosphorus, conven- 
tional single-mode fibers, hydrogen 
pressures in well designed cables are 
predicted to be sufficiently low so that 
background effects will not cause any 
deterioration in the long-term perfor- 
mance of system operating 1300 nm or 
1550 nm. Loss increases at these wave- 
lengths are predicted to be less than 
0.01 dB/km after 20 years [16]. 


Factory fiber splicing techniques have 
improved to the point that they do not 
constitute a failure mode. During a five- 
year period 11X10° splice hours of 
Siecor cables have exhibited no single 
failure. 


Restoration 


To maintain systems in service, it is clear 
that troubleshooting and repair proce- 
dures have to be established. Since the 
beginning of fiber-optics in the early 
1980s and today, major improvements 
have been made in reducing downtimes 
of failed systems including associated 
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Optical Components and Circuits 


Franz Auracher, Hans F. Mahlein and Gerhard Winzer 


Develooment Trends 
in Integrated Optics 


In communications, the growth in de- 
mand for high transmission capacity 
and the existence of optical fibers ca- 
pable of meeting this demand are two fac- 
tors leading to the worldwide develop- 
ment of miniaturized optical circuits for 
the generation and processing of optical 
signals. 


This technology, known as integrated 
optics (IO), is described and explained 
with reference to three typical appli- 
cations — the distribution, modulation 
and multiplexing of guided light waves 
in the three families of materials, i.e. 
glass, lithium niobate (LiNbO,;) and 
III-V semiconductors. 
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<] Optoelectronic semiconductor devices, such as 
detectors, laser diodes, light-emitting diodes, 
infrared-emitting diodes and laser modules, are key 
elements of optical waveguide transmission systems 


The term “integrated optics” (IO) was 
first coined by Stewart E. Miller [1] in 
1969 to describe the optics of minia- 
turized optical circuits in which light sig- 
nals are generated, guided and pro- 
cessed by related effects before finally 
being detected. 


Throughout the world increasing effort 
is being applied to the discrete compo- 
nents already developed for optical com- 
munications, such as laser diodes, 
photodiodes, couplers, modulators, 
transmitter and receiver electronics in 
order to achieve monolithic integration 
of these components on a single sub- 
strate. The objective is to produce opti- 
cal and optoelectronic circuits which are 
more compact, reliable and cost-effec- 
tive than equivalent configurations of 
discrete components. 


1st 
stage 
: Molten salt 2 
| Optical 
waveguide ng : 
Glass 9 
___ {Molten salt 3 
Example 
Glass: Schott BGG 21 
Mask: Ti 
Molten salt 1: CsNO, 
Molten salt 2: KNO, 
Molten salt 3: NaNO, 


Fig.1 Diagram of the two-stage field-assisted ion 
exchange process for the manufacture of buried _ 
strip waveguides (sections vertical to the waveguide 
axis); molten salt 3 acts as the opposite electrode 
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An interim stage towards achieving this 
objective is a hybrid technology, in 
which elements of integrated optics are 
combined with discrete components. 
Monolithic integration is currently at an 
early stage in its development. Existing 
discrete components need to be rede- 
signed for integration, and new discrete 
components must be developed to take 
the place of non-integratable structures. 


In addition, the technological processes 
for the production of integrated optical 
circuits need to be developed. The scope 
for borrowing existing processes from 
the field of microelectronics will be 
limited since the materials and struc- 
tures required are different. Although 
the packing density of integrated optics 
is many times less than in microelec- 
tronics, the required pattern accuracy is 
sometimes considerably greater. 


Integrated optics in glass: 
distribution 


The main application of integrated 
optics in glass is for distribution, i.e. 
with purely passive integrated optical 
circuits, although the acoustooptic, ther- 
mooptic or magnetooptic effect can in 
principle also be used in glass to provide 
controllable functions. The waveguides 
which can be manufactured from glass, a 
low-cost, widely available raw material, 
feature low loss (< 0.1 dB/cm) and have 
practically the same refractive index as 
optical fibers. Disturbing reflections at 
the interface between glass IO chip and 
optical fiber can therefore be largely 
avoided. 


An increase in refractive index to form 
an optical waveguide can be obtained in 
glass by ion exchange. This is achieved 
by bringing the surface of a suitable glass 
platelet into contact with a molten salt 
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Fig.2 lon exchanger 


of the right type. This produces an 
exchange of metal ions between the 
glass and the molten salt, during which 
the following two effects can contribute 
to an increase in the refractive index of 
the glass [2]: if the ions penetrating the 
glass have a smaller radius than the dis- 
placed ions, the glass structure collapses 
in the vicinity of the smaller ion causing 
denser packing and consequently a 
higher refractive index. If the ions 
penetrating the glass have a higher elec- 
tronic polarizability than the replaced 
ions, the result is likewise an increase in 
the refractive index. 


When an electric field is additionally 
applied the exchange process can be 
expanded from a purely thermal process 
into the field-assisted exchange process 


282 


providing greater flexibility. Using a 
two-stage exchange process it is also 
possible to introduce a second type of 
ion to produce a further reduction in 
refractive index directly under the sur- 
face. Since the first ion type is at the 
same time caused to penetrate deeper 
into the glass this produces buried wave- 
guides whose attenuation is unaffected 
by the quality of the glass surface. Fig. 1 
shows the two-stage field-assisted ion 
exchange process schematically and 
Fig. 2 an ion exchanger. With a suitable 
choice of glass, molten salt and pro- 
cess parameters (temperature, exchange 
time, electric field strength) it is possible 
to achieve a close match between the 
ion-exchanged waveguides and the opti- 
cal fibers in terms of their refractive- 
index profile and cross section. Two 


examples of waveguides produced by 
ion-exchange are shown in Fig. 3. These 
are an unburied multimode strip wave- 
guide in Fig. 3a and a buried single- 
mode strip waveguide in Fig. 3b. To 
take the photographs, the endface of the 
waveguide was polished in each case and 
visible light was coupled in. The advan- 
tages of two-stage burial, producing a 
waveguide of approximately circular 
cross section, are clearly visible. The 
type of glass used was Schott BGG 21 
in conjunction with the ions given as 
examples in Fig. 1. 


The object of the work in the field of ion 
exchange in glass is to produce distribu- 
tion structures as discrete components 
simply and cost-effectively, and to com- 
bine structures of this type with active 
components by hybrid integration. The 
waveguiding glass components currently 
available are still manufactured using 
microoptics rather than integrated 
optics, i.e. they are made by precision 
optical sawing, grinding, polishing and 
cementing processes with a large 
number of high-precision alignment 
steps [3, 4]. Although these components 
have very good characteristics, the limits 
of microoptic processes have almost 
been reached. Integrated optics in glass 
is therefore one of the technologies 
under development for the next genera- 
tion of passive components. 


Fig. 4 shows examples of the most 
important distribution structures which 
are suitable for both multimode and 
single-mode fibers. In the manufacture 
of wavelength-independent couplers 
(Fig. 4a), the splitting ratio can be set by 
means of the cross-sectional shape of the 
waveguides at the branch point. Fig. 5 
illustrates the calculated power distribu- 
tion in a coupler with asymmetrical split- 
ting ratio. Wavelength-selective cou- 
plers for wavelength-division multiplex 
transmission are obtained by inserting 
an interference filter (Fig. 4b). The star 
coupler (Fig. 4c) causes the optical 
power coupled into each of the four 
input ports to be distributed equally 
between the four output ports. 


Integrated optics 

in lithium niobate (LINbDO,): 
modulation 

In optical communications, the signal to 


be transmitted is modulated onto an 
optical carrier. The fiber-optic systems 
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Fig.3 End face of an unburied multimode strip waveguide (a) 


and a buried single-mode strip waveguide (b) 
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Fig.4 Integrated-optical waveguide structures 
in glass 


a Wavelength-independent coupler 

b Wavelength-selective coupler with interference 
filter for separating light of wavelengths A, and 
d,. If the direction of the arrows is reversed, this 
describes the function of combining light 

of different wavelengths 

Star coupler 


ar) 


currently employed all use direct modu- 
lation of the optical transmitter, i.e. the 
LED (light-emitting diode) or laser 
diode current is modulated in step with 
the information signal. The optical 
power which is emitted changes as a 
function of the current in the source 
diode. 


For systems operating at a high data 
rate (from about 2 Gbit/s) and long 
wavelength (A ~ 1.5 um) the demands 
on the transmitters in terms of their opti- 
cal properties and modulatability are 
more exacting. Laser diodes for these 
systems must be dynamically single- 
mode, i.e. they must have a narrow 
optical bandwidth even when modulat- 
ed. The wavelength of the laser must 
not change for the duration of the pulse 
and the optical intensity must follow the 
electrical modulating signal with mini- 
mum delay. Although special laser 
diodes have been successfully mod- 
ulated with data rates up to 10 Gbit/s 
and more in the laboratory, problems 
arise when they are used in the system 
environment. This is because the laser 
diodes in systems have to be operated 
with a bias current which exceeds the 
laser threshold with the result that 
extinction on transmission of a zero is 
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impaired. Directly modulated laser 
diodes also exhibit chirping, a phenome- 
non whereby the laser wavelength shifts 
during the pulse. On long fiber-optic 
routes and in future systems employing 
longer wavelengths at which the optical 
fibers are highly dispersive this will 
result in a broadening of the optical 
pulses. The stated requirement can be 
met at least to about 2 Gbit/s by DFB 
(distributed feedback) lasers. More 
exacting still, however, are the demands 
on the optical characteristics of the 
laser transmitters for future heterodyne 
reception. This will require the laser 
transmitter to provide not only single- 
mode emission and wavelength stability 
but also an extremely narrow laser line 
(typically 10-> nm). One possible solu- 
tion to this problem is external modula- 
tion of the laser transmitter. A brief out- 
line of the state of the art in this technol- 
ogy is given below. 


The most advanced modulators cur- 
rently are those based on LiNbO;, for 
which high-performance components 
have been demonstrated in several 
laboratories. The first commercially 
available prototype modulators in the 
world are supplied by the Siemens sub- 
sidiary CTI in the USA. High-speed 
intensity modulators and phase mod- 
ulators will be required over the next 
few years for system trials at very high 
data rates (5 to 10 Gbit/s) and for trials 
with optical heterodyne — reception. 
Siemens is currently working on LiNbO, 
modulators for data rates up to 
10 Gbit/s. 


The simplest technique is to modulate 
the phase of the laser light. Although 
phase modulation cannot be employed 
with the direct receivers now in general 
use, it will be of great importance for the 
optical heterodyne receivers of the 
future. The basic diagram in Fig. 6 rep- 
resents a phase modulator based on 
LiNbO3. A diffusion process is used to 
produce a single-mode optical wave- 
guide in the electrooptic LiNbO; crystal, 
along which modulating electrodes are 
provided. When a voltage is applied, the 
electrooptic effect causes a slight change 
in the refractive index of the optical 
waveguide. This consequently modifies 
the propagation velocity of the light in 
the waveguide so that the phase of the 
light at the end of the modulation path is 
modulated in step with the modulating 
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voltage. Laboratory models with band- 
widths of 3 to 5 GHz and modulating 
voltages of about 5 V (peak-to-peak) 
at A = 1.3 to 1.5 um and with insertion 
losses of about 2 to 5 dB have been real- 
ized [5, 6]. 


These characteristics are, however, 
interlinked, which means that faster 
modulators, for example, require a 
higher modulating voltage for the same 
insertion losses [7]. 


The first commercially obtainable pro- 
totype modulators are intensity mod- 
ulators from CTI which are based on the 
Mach-Zehnder principle and are cur- 
rently specified for bandwidths up to 
3 GHz (Fig. 7). The optical input signal 
is divided equally between two phase 
modulators and recombined after pas- 
sing along the modulation path. The 
phase modulators are operated in the 
push-pull mode. When the signal is 
recombined, phase modulation is con- 
verted to intensity modulation by inter- 
ference of the component waves. 


Another very popular type of intensity 
modulator is the controllable optical 
directional coupler (Fig. 8). In this ver- 
sion, two identical optical strip wave- 
guides A and B are arranged so close to 
each other (typical spacing 5 um) over a 
certain length that the optical fields of 
the evanescent waves overlap and the 
desired interaction between the two 
light waves occurs. When light is 
launched into waveguide A, a periodic 
energy interchange between the two 
waveguides occurs so that, for instance 
after the length Lo, the light has been 
completely transferred to waveguide B. 


This interchange is only complete if the 
velocities of the propagation of the light 
in both waveguides are identical. If the 
refractive indices, and hence the ve- 
locities of propagation of the light differ, 
there is only a partial interchange which, 
in addition, occurs over a shorter length. 


The difference in refractive indices is 
produced by exciting opposing fields in 
the two waveguides via electrodes. At a 
certain voltage at the electrodes the 
component of the light coupled from A 
to B is coupled back into waveguide A 
after length Ly. When voltage is applied, 
the light emerges from A, and when 
voltage is not applied it emerges from B, 
thus providing the function of an optical 
changeover switch. 
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Fig.5 Calculated power distribution 
in a coupler with asymmetric coupling ratio 


Modulators working on this principle for 
wavelengths from 1.3 to 1.5 um with 
modulating voltages between about 5 


Modulating electrodes 


Fig.6 Basic diagram of a phase modulator 


and 10 V (peak-to-peak), bandwidths up 
to about 10 GHz and optical insertion 
losses of 2 to 5 dB (from optical fiber to 
optical fiber) have already been 
described in [8 to 10]. Here too, the 
three characteristics (modulating volt- 
age, bandwidth and insertion loss) are 
interlinked [11], i.e. it is not possible to 
achieve the quoted best values simul- 
taneously. A disadvantage of the sim- 
plest version described lies in the close 
manufacturing tolerances, since only 
one switching state (no transfer of light) 
can be set electrically; the other switch- 
ing state (complete transfer of light) 
must be inherent in the directional cou- 
pler. Some elegant solutions, suitable 
for data rates up to about 5 Gbit/s, are 
described in [12, 13]. The basic layout 
of a modulator of this type 1s shown 
in Fig.9 and a first laboratory model 
in Fig. 10. 


LiNbO3 crystal 


Ti-diffused 
optical waveguide 


LiNbOs crystal 


Ti-diffused 
optical waveguide 


Modulating electrodes 


Fig.7 Basic diagram of an intensity modulator based on the Mach-Zehnder principle 
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Integrated optics 
in IHI-V semiconductors: 
multiplexing 


The possibilities of implementing mono- 
lithic integrated optics on a single sub- 
Strate using the material system of the 
III-V semiconductor compounds - e.g. 
(In, Ga) (As, P) on indium phosphide 
substrates — are considered with particu- 
lar reference to the target application of 
multiplexing optical frequencies. This 
material system covers both the 1300- 
and 1500-nm wavelength ranges which 
are important for optical communica- 
tions. It meets all the requirements 
for optoelectronic integrated circuits 
(OEIC) since it allows laser diodes, 
photodiodes and electronics to be inte- 
grated with each other in a monolithic 
configuration. The optical waveguide 
attenuation is, however, still too high for 
many passive structures. Important 
objectives in the development of mono- 
lithic IO are therefore to combine OEIC 
modules with low-loss passive optical 
waveguides and to design waveguide 
structures which are as short as possible 
but still effective. If both these objec- 
tives can be achieved together this 
would provide an important basis for 
monolithic integrated optics to make the 
breakthrough to large-scale practical 
application. This breakthrough is also 
often regarded as essential for the large- 
scale application of optical broadband 
communication in the subscriber loop 
area. 


With reference to the previous section 
on modulation it is worth noting the pos- 
sibilities of integrating modulators in the 
III-V material system before moving on 
to the subject of “multiplexing optical 
frequencies.” Although this system has a 
smaller electrooptic effect than LINbO3, 
it provides a more favorable overlap 
between the electric modulating field 
and the field of the guided light wave 
and thus permits the induction of refrac- 
tive index changes adequate even for 
phase modulation and switching. The 
operation of modulators has already 
been successfully demonstrated in both 
the GaAlAs and the InGaAsP systems. 
Apart from modulators employing the 
basic principles already highlighted [14, 
15] absorption modulators are also of 
interest. In these devices the band gap of 
the semiconductor material is varied 
slightly by applying a modulating volt- 
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A,B Optical strip waveguide 
Lo Coupling length 


Fig.8 Controllable electrooptic 
directional coupler 
as an optical changeover switch 


age at electrodes. If the wavelength of 
the light to be modulated is close to the 
absorption edge, which is determined by 
the band gap of the semiconductor 
material, the absorption of the light var- 
ies with the modulating voltage. This 
effect is particularly pronounced in the 
new multiple quantum well (MQW) 
layer structures in the GaAs system [16]. 
A disadvantage, however, of mod- 
ulators based on this principle is that 
their characteristics are very sensitive to 
changes in wavelength and temperature 
and that the modulated optical signal 
again chirps. Monolithic integration of a 
DFB laser diode with a modulator — first 
described in [17] - was successfully 


RF modulating 
signal 


Ti-diffused 
optical waveguide 


RF Radio frequency 


led a 


applied in a heterodyne experiment with 
frequency-shift keying. 


Fig. 11 shows two theoretical circuits 
using monolithic integrated optics: 
Fig. 11a illustrates a wavelength du- 
plexer, i.e. a wavelength-division multi- 
plexing (WDM) chip, and Fig. 11b a 
heterodyne receiver, i.e. an optical fre- 
quency-division multiplexing (OFDM) 
chip. Both components could become 
very important in successive system gen- 
erations for connecting subscribers in 
optical wideband networks. Before 
these devices can be implemented it will 
be necessary to complete a great deal of 
fundamental work particularly in the 
area of technology and to provide practi- 
cal evidence that such complex compo- 
nents are viable. Implementing the 
wavelength duplexer illustrated will 
involve clearing virtually all the obsta- 
cles to monolithic integrated optics. 
Only the monolithic heterodyne receiver 
[18] depicted in Fig. 11b presents an 
even greater technological challenge, 
since this requires extreme wavelength 
stability and monochromaticity. In addi- 
tion, this device has a larger number of 
optical subcomponents, compounding 
the problems of packing density and 
waveguide losses. 


The WDM chip allows the subscriber to 
communicate in both directions via a 
single link fiber. The chip incorporates 
the source laser diode with its driver 
electronics as well as a monitor diode for 
monitoring the quality of the transmit 
signal. The laser diode is integrated 


Ti-diffused 
optical waveguide 


Fig.9 Basic diagram of a directional coupler intensity modulator 


designed for relaxed fabrication tolerances 
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Fig. 10 Laboratory model of an intensity modulator employing the design in Fig. 9 
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» converter 
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F, _ Filter (selective directional coupler) F, Filter (selective transmission filter) 


Fig. 11 Monolithic integration of optical, optoelectronic and electronic functions on one chip. 
The illustration shows how two integrated-optical circuits of particular importance 
for optical communications, i.e. the wavelength duplexer (a) and heterodyne receiver (b), may develop 


monolithically with a passive waveguide 
which guides the optical signal to the 
point at which the subscriber line trans- 
mission fiber is coupled. The distant sta- 
tion (in the switching and distribution 
center) also contains a WDM chip which 
is identical in principle to that in the sub- 
scriber chip but operates at a different 
emission wavelength. 


This allows the light of the receive signal 
at the subscriber end to be transferred to 
the detector via a wavelength filter (in 
the form of a selective directional cou- 
pler) from the straight waveguide, into 
which it is coupled from the link fiber. 
The detector has at its input a photo- 
diode fed by a passive optical waveguide 
and incorporates at the output the 
amplifier electronics (e.g. a PIN-FET 
combination) [19]. In the duplexer illus- 
trated, the photodiode is preceded by a 
selective transmission filter. This filter 
must heavily suppress the unwanted 
light fed back from the near-end source 
diode by Fresnel reflection at the link 
fiber coupling point and thereby prevent 
near-end crosstalk from masking the 
weak incoming receive signal. The com- 
bination of filters Fl and F2 opens the 
possibility of the subcomponents align- 
ing themselves to each other on a 
wavelength-selective basis and of short- 
ening the length of the device because 
the directional coupler — selectivity 
requirements can then be relaxed. 


In the monolithic IO circuits of the 
future, gratings will play an important 
role (Fig. 12) [20, 21]. There are two of 
them in the duplexer. One is a Bragg 
reflector used in the DFB laser diode in 
place of the Fabry-Perot resonator, usu- 
ally found in laser diodes, to enable the 
source diode to be integrated with the 
passive optical waveguide. The other is 
in the selective transmission filter utiliz- 
ing the same reflection mechanism. The 
filter effect due to the Bragg reflection 
can be demonstrated by a simple demul- 
tiplexer test structure [22] which sepa- 
rates the light of two signals of different 
wavelength. Fig. 13 shows a drawing of 
the test structure with the two reflection 
gratings of differing grating period. It 
also shows features of the implemented 
structure as photographed by scanning 
electron microscope. First of all the light 
coupled in from the right is branched 
with a 3-dB divider (to be replaced later 
by a lower-loss directional coupler) and 
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fed via the two different filters to sepa- 
rate photodiodes. The signals which can 
be detected at the ends of the InGaAsP - 
waveguide branch in response to wide- 


spectrum excitation are shown in te Spal 
Fig. 14. InP 

If filters of this type are to be used ina InGaAsP 
future monolithic WDM duplexer, it will 

be necessary to perfect the wavelength- 

selective self-alignment of laser trans- inP 


mitter and filter mentioned previously 
and to provide a wavelength-trimming 
mechanism suitable for the production 
environment. The technology of vertical 
structuring in integrated optics is also 
difficult and demanding since it involves 


“assembling” epitaxial crystal layers Fig. 12 Gratings perform important functions in integrated-optical waveguide structures. 
: ; Distributed feedback lasers (DFB) are potentially integratable optical transmitters. 

with thicknesses of only a few nanome- The scanning electron microscope photos show a DFB grating with a 0.00046 mm grating period (a) 

ters to a few micrometers and of differ- and the monocrystalline overgrown grating in the epitaxial layer sequence of a DFB laser (b) 

ing composition to form heterostruc- 

tures without lattice defects at the inter- 

faces. For good epitaxy, the lattice 

match must be better than 107°. 


The development of modern epitaxial 
processes such as molecular beam 
epitaxy (MBE) and metal-organic vapor 
phase epitaxy (MOVPE) is absolutely 
essential for integrated optics since 
molecular beam epitaxy allows crystal 
growth to be controlled with atomic 
layer accuracy, while vapor phase 
epitaxy combines the throughput 
required for volume production with 
high epitaxy quality. The only substrates 
available for epitaxy are in effect the 
binary II-V semiconductors. The 
quaternary III-V semiconductors with 
their matchable lattice constant do, 
however, enable the bandgap to be tai- 
lored to select the required wavelengths 
[23] for the various applications of inte- 
grated optics. This “tailoring” relates to 
coarse selection of the wavelengths, e. g. 
to the position of maximum gain in a 
lasing waveguide strip. Accurate tuning 
is provided, for example, by the DFB 
grating of the macroscopic laser struc- 
ture. 


In the heterodyne receiver of the future 
(Fig. 11b) the DFB laser diode of the 
local oscillator can also be controlled via 
additional electrodes to provide accu- 
rate wavelength setting. This facility 
employs effects, similar to the mechan- 
isms used for modulation, to control the 


effective refractive index in the wave- eee aa ee: ee pe 

oui de and hence the effective erating ig. chematically depicted InGa sl waveguide | ranc as a wave ength dem tip exer for hyo 
operating wavelengths A, and /,. A selective transmission filter in the form of a grating structure with a 

period of the Bragg reflector When the period A is provided for each wavelength. Below the branch are details from scanning electron microscope 

frequency of the local oscillator is var- photographs of an implemented structure 
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Fig. 14 The wavelength-dependent transmission of the TE waves is determined 

by the filter characteristics of the two grating structures on the arms 

of the waveguide branch of the demultiplexer. 

The stop bands at each Bragg wavelength can be seen clearly. 

The inlay compares measurement and theory. 

The output end of the demultiplexer structure with the ridge waveguides is also shown 


Insulation layer 


Fig.15 There are three basic forms for the monolithic integration 
of discrete components in the III-V material system 
as shown in these examples to illustrate the coupling of the electronics and optics 


(1) Vertical structure 
(2) Lateral structure 
(3) Planar structure 


ied, the photodiode in the heterodyne 
receiver detects successively the signals 
of differing light frequency (OFDM 
channel selection) fed in simultaneously 
from the link fiber. The function of the 
electronically controlled optical polari- 


‘zation tracking is to make the receive 


signal light coherent in polarization with 
the light of the local oscillator. Develop- 
ment models of the monolithic optical 
heterodyne receiver in the III-V mate- 
rial system have already been tested in 
hybrid LiNbO; form. 


The design of the structures for inte- 
grated optics takes three basic forms 
depending on the technology. These are 
due initially to the requirements of 
coupling the electronics and optics (in 
the case of the OEIC chips) but are 
therefore also appropriate for the subse- 
quent stage of integration of forming 
totally integrated optical circuits (IOC). 


Two of the forms of integration exist, a 
third would be desirable. The existing 
forms are the vertical structure and the 
lateral structure (Fig. 15). The basis 
of the vertical structure is a conductive 
III-V substrate on which ideally all the 
required layers are grown in a single epi- 
taxial process thus producing a good 
overall yield. Parts of the layers are 
reetched in the structuring process so 
that the electronics (e.g. a field-effect 
transistor) are formed on the left and the 
optics (e.g. a passive waveguide or a BH 
laser diode) on the right. The disadvan- 
tage of this vertical structure is the 
strong capacitive coupling between 
field-effect transistor and laser diode 
through the thin epitaxial insulating 
layer. There are no particular problems 
with photolithography since the elec- 
tronic section is “thin” in comparison 
with the optical section. 


Semi-insulating III-V material 1s 
required for the lateral structure. The 
great advantage is the very weak capaci- 
tive coupling. Lithography is, however, 
extremely difficult since the optical 
structure forms a step about 5 to 10 um 
high. Nevertheless, most of the known 
OEIC and IOC modules realized to date 
as functional models have used lateral 
technology because of the advantage of 
low parasitic capacitances. An example 
of the horizontal structure is an MQW 
laser diode with integrated field-effect 
transistor [24] on semi-insulating GaAs. 
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Conclusion 


Integrated optics, especially monolithic 
integration, is an extremely attractive 
technology for the future despite consid- 
erable constraints. It will be difficult to 
integrate more than 100 optical compo- 
nents (apart from pure laser diode or 
photodiode arrays) and the areas 
required will be on the order of cm’. 
This density is some 10* times lower than 
that of electronic integrated circuits. 
When it is claimed that the “optical 
wave Is the wave of the future,” this will 
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certainly be true as regards the mode of 
transmission. Even so, integrated optics 
will have to be applied intelligently (e. g. 
at particular “bottle-necks”), there is no 
sense in trying to establish them in areas 
where electronics is temporarily unable 
to provide a solution, or because of a 
passing fashion. Purely passive distribu- 
tion structures in glass and the hybrid 
structures which can be implemented 
with them can be developed for practical 
application in a relatively short time; the 
development of monolithic integrated 
optics on the other hand will take con- 


siderably longer. All those who have 
been involved in integrated optics for a 
reasonable period of time will know that 
undue euphoria can be misleading. 


Nevertheless, with the technological 
advances already made, it is possible to 
take numerous reasonable objectives 
out of the realms of speculation and to 
put them into effect. These objectives 
include the broadband ISDN duplexer 
chip and, as the ultimate objective of 
optical communications, the monolithic 
OFDM heterodyne chip. 
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Optoelectronic lransmitters 
and Aeceivers 


Semiconductor components for optical waveguide transmission systems 


Sources and detectors made of semicon- 
ducting material occupy a key position 
in optical waveguide transmission sys- 
tems, since they help to determine the 
attainable route lengths, the transmis- 
sion rate and other system characteris- 
tics. Such devices (e.g. infrared-emitting 
diodes, laser diodes and photodiodes) 
are presently manufactured from 
AlGaAs/GaAs and InGaAsP/InP semi- 
conducting materials as discrete devices 
for the wavelength region around 
850 nm as well as for that from 1300 to 
1600 nm. 


Highly reliable and simultaneously inex- 
pensive devices are necessary for the 
further penetration of optical transmis- 
sion systems with the implementation of 
broadband networks in the subscriber 
sector. For this reason, increasing 
importance will in future be attached to 
the integration of optical and electronic 
devices to form easy-to-assemble and 
low-cost optoelectronic integrated cir- 
cuits (OEIC). 


Dr.-Ing. Jochen Heinen and 

Dr. rer. nat. Manfred Plihal, 

Siemens AG, 

Corporate Research and Development, 
Munich 
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Sources 


InGaAsP/InP infrared-emitting diodes 


High radiance infrared-emitting diodes 
(IRED) can be used with advantage in 
optical transmission systems with aver- 
age route lengths and modest transmis- 
sion rates. Typical of such IRED devices 
(Fig. la) are surface emitters which are 
characterized by high reliability and 
long-term stability [1]. 8-km transmis- 
sion routes at 274 Mbit/s [2] and 5 km at 
400 Mbit/s [3] have been realized using 
surface-emitting IREDs and _ graded- 
index optical waveguides. Very fast 
IREDs which can be modulated at up to 
1.6 Gbit/s have also been reported [4]. 
In addition, the use of IREDs in systems 
employing single-mode optical wave- 
guides has been investigated for some 
time [5]. However, edge-emitting IREDs 
(Fig. 1b) are more suitable for this pur- 
pose [6, 7]. This type of IRED has a 
narrower spectral linewidth and, fur- 
thermore, higher power can be coupled 
from it into the optical waveguide than 
from a surface emitter. The design of 
these IRED devices is similar to that of 
laser diodes. The main difference lies in 
the suppression of the optical resonator 
characteristics of the crystal cavity, 
which is achieved either by nonreflective 
or reflective end faces of the crystal or 
by ashortened p contact. 


A surface-emitting IRED [1] with an 
emission wavelength of 1300 nm was 
developed in the Siemens laboratories 
for use with multimode optical wave- 
guides at transmission rates up to about 
200 Mbit/s. Fig. 2 shows a schematic sec- 
tion of this IRED device. By means of 
liquid-phase epitaxy, a double hetero- 
structure consisting of n-InP, p-InGaAsP 
(active layer) and p-InP is deposited on 
an n-InP substrate; the deposition pro- 


cess is terminated with a p-InGaAsP 
contact layer. By means of proton im- 
plantation, this layer is converted into a 
high resistance material with the excep- 
tion of a circular area of 20 um diameter. 
This results in current-waisting in the 
active layer to approximately the diame- 
ter of the p contact; the light-emitting 
area of the diode is then correspondingly 
small. With p doping of the active layer 
at 5 - 10'° cm’’, the diodes achieve rise 
times of 4 ns and fall times of 6 ns. In 
order to obtain transmission rates on the 
order of 200 Mbit/s, current pulses with 
a preemphasized beginning and deem- 
phasized end are therefore necessary. 


At a diode current of 100 mA, an optical 
power of 70 to 100 uW can be coupled 
into a graded-index optical waveguide 
with a core diameter of 63 um and a 
numerical aperture of 0.29, if a spherical 
lens with a diameter of about 100 um 
and a refractive index of n = 2 1s 
employed between the IRED and the 
fiber as a coupling element. 


Laser diodes 


Semiconductor lasers are ideal light 
sources for optical transmission systems 
with high transmission rates and large 
route lengths. The stimulated emission 
of these source devices results in the 
higher speed and output power of lasers 
compared to IRED devices, combined 
with a substantially narrower emission 
spectrum. The demands placed on laser 
diodes as optical transmitters in trans- 
mission links are largely determined 
by the optical waveguide and system 
characteristics. Modern semiconductor 
lasers should above all 


e be spectrally matched to the fiber 
characteristics, 


@ provide optical powers in the milli- 
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Fig.2 Schematic section through an InGaAsP/ 
InP surface-emitting IRED (infrared-emitting 
diode) 


watt range during continuous operation 
at high temperature, 


e exhibit a spacially and spectrally 
stable emission, 


e have stable principal characteristics 
over long operating periods and 


e offer the possibility of adequately 
simple, i.e. economical, production. 


The basis of all semiconductor lasers 
currently produced and developed is a 
crystal layer sequence in a double het- 
erostructure (DH), in which the active 
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lasing material is surrounded by transpa- 
rent layers with low refractive index and 
large energy gap. This provides trans- 
verse confinement of the electrical 
charge carriers with simultaneous opti- 
cal waveguiding. The lateral limiting of 
the laser zone has a critical effect on the 
characteristics of the laser, in particular 
the stability. By lateral restriction to an 
active laser stripe of a few micrometer 
width, a laser oscillation in the funda- 
mental lateral mode is forced and insta- 
bility effects, such as kinks in the charac- 
teristic, noisy laser emission and fluctua- 
tions in the radiation pattern, are pre- 
vented. These lateral structuring tech- 
niques are what have led worldwide to 
a multitude of solutions, with an equal 
number of abbreviations for the laser 
type designations. Only recently, with 
the search for laser diodes of high spec- 
tral purity, have longitudinal structures 
been considered, as described below. 
The original requirement for a small, 
high-intensity and modulable source was 
initially met by the GaAs laser. Fig. 3a 
shows the GaAs oxide-stripe laser [8] 
developed by Siemens at the end of the 
seventies, which is excited via a narrow 
current path with waveguiding provided 
by the impressed gain profile. Its charac- 
teristics are typical for gain-guided las- 
ers: a relatively high threshold current of 
about 100 mA, a clearly multimode 
spectrum (Fig. 4a), an astigmatic emis- 
sion with two radiation lobes as well as 
low optical feedback sensitivity to the 
light reflected from the waveguide. The 
oxide-stripe laser is particularly suitable 
for systems with multimode fibers and 
features a high operating temperature 
(up to 100°C) with only a modest rise in 
threshold current, as well as stable oper- 
ation over an extrapolated life of more 
than 100,000 h at room temperature. 
Since the emission in the wavelength 
region around 880 nm is not optimally 
matched to the attenuation and disper- 
sion characteristics of the optical wave- 
guides, the maximum attainable route 
length is limited by the power and by 
delay distortion at higher bit rates. 


Present laser diode development is 
typified by the adaptation of laser 
characteristics to silica fibers (and in 
particular single-mode fibers), which are 
free from dispersion at wavelengths 
around 1300 nm and exhibit on absolute 
attenuation minimum at 1550 nm. Two 
development trends are emerging here. 
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Fig.3 Various lateral structures of semiconductor 
lasers 


a Oxide-stripe laser 
b DCPBH laser 
(double-channel planar buried heterostructure) 
c MCRW laser (metal-clad ridge waveguide) 
PBRS laser (planar buried-ridge structure) 
e MT-BH laser 
(mass transport buried heterostructure) 
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Fig.4 Typical emission spectra of semiconductor lasers 


a GaAs oxide-stripe laser 


b InGaAsP-PBRS laser (planar buried-ridge structure) 
¢ InGaAsP-MCRW laser (metal-clad-ridge waveguide) 
d 


InGaAsP-PBRS-DFB laser 


(planar buried-ridge structure; distributed feedback) 


One concerns lasers for high bit rate 
telecommunication systems (up to 
2.4 Gbit/s) with large repeater spac- 
ings, which are characterized by a 
single-mode dynamic spectrum at about 
1550 nm. The other concerns lasers for 
the user line circuit in the broadband 
ISDN, where emphasis is placed on in- 
expensive production and both wave- 
length regions around 1300 and 1550 nm 
are of interest for a wavelength-division 
multiplexing method. 


The transition from the 880 nm of GaAs 
lasers to the longer wavelengths cur- 
rently of interest necessitates a change 
to semiconducting material system 
InP/InGaAsP. By suitable adjustment of 
the crystal composition, the two wave- 
length regions at 1300 and 1550 nm can 
be realized. 


Compared to GaAs lasers, InGaAsP 
lasers exhibit a considerably larger 
threshold current rise with increasing 
temperature. As a consequence, gain- 
guided lateral structures, such as the 
oxide-stripe laser, with relatively high 
threshold currents are not suitable for 
continuous operation at elevated tem- 
peratures. The temperature problem can 
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be solved by means of lasers with built- 
in lateral waveguiding due to an index 
step. A well-known representative of 


these index-guided lasers is the DCPBH 


laser (double-channel planar buried 
heterostructure) [9] (Fig.3b) which was 
first developed in Japan and is now 
widely manufactured under license in 
the USA and in Europe. It has outstand- 
ing characteristics: threshold current 
about 20 mA, stable fundamental mode 
through to beyond 20 mW output power 
and laser operation up to temperatures 
in excess of 100°C. 


As in the case of all BH lasers (buried 
heterostructure), the active InGaAsP 
laser stripe is surrounded by InP. This 
burying of the laser zone is effected by 
means of a double epitaxial process, in 
which the basic double heterostructure 
is first deposited, then a stripe geometry 
is etched and in a second epitaxial pro- 
cess the active layer is embedded. 


A fundamental disadvantage of this 
DCPBH laser is the special overgrowth 
which can only be achieved with liquid- 
phase epitaxy (LPE). Although most 
laser structures are currently produced 
using this epitaxy technique, attempts 


are being made to produce this layer 
structure by means of vapor-phase 
epitaxy (VPE), e.g. metal-organic VPE 
(Fig. 5). It is hoped to achieve greater 
cost-effectiveness in this way as a result 
of larger substrates as well as better 
homogeneity and boundary quality. In 
addition, other possible material combi- 
nations are appearing (e.g. InGaAs/ 
InAlAs on InP). 


Laser development at Siemens and the 
selection of structures have been so 
designed that, on the one hand, the 
above option of vapor-phase methods 
remains open and, on the other, all pos- 
sible applications, ranging from the user 
line circuit through to long-haul links 
and future integration, are covered. 
Work is concentrated on three index- 
guided structures. In the MCRW (metal- 
clad-ridge waveguide) laser [10] (Fig. 3c) 
lateral confinement is effected by etch- 
ing a ridge waveguide, where the lower- 
ing of the side regions results in a 
reduced effective refractive index com- 
pared to the ridge. The laser has charac- 
teristics typical of index-guided struc- 
tures: a relatively low threshold current 
of 20 to 30 mA in the 1300 nm version, 
which permits uncooled operation up to 
ambient temperatures exceeding 70°C 
(Fig. 6a), a single-lobe radiation pattern 
and an emission spectrum with only a 
few longitudinal modes (Fig. 4c). The 
MCRW structure can be produced by a 
plane epitaxial DH layer sequence with 
few relatively simple process steps. As 
no additional measures for current con- 
finement are necessary, a high limiting 
modulation rate of more than 3 GHz is 
achieved (Fig. 6b). Accelerated aging 
tests at elevated temperatures have 
yielded an extrapolated room tempera- 
ture life of 100,000 h. 


The PBRS laser (planar buried-ridge 
structure; Fig. 3d) is representative of 
the classical BH laser, with an active DH 
stripe embedded in InP with the aid of 
epitaxy. It has similar radiation and 
spectral characteristics to the MCRW 
laser, but its threshold current of typi- 
cally 15 mA is lower. Stable operation is 
likewise possible to over 70°C. In con- 
trast to the DCPBH laser, the PBRS 
structure is of simple design. Experi- 
mental results have confirmed that addi- 
tional lateral blocking measures to limit 
the leakage current are not necessary, 
and for this reason limiting frequencies 
of over 3 GHz can be achieved. As a 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


Optical Components and Circuits 


=u 


Fig.5 Reactor section of a metal-organic vapor-phase epitaxy (MO-VPE) equipment 


result of the simplified geometry, this 
laser can be produced by means of 
vapor-phase epitaxy methods. It is sim- 
ple to add passive waveguide layers, so 
that the PBRS structure is eminently 
suitable for monolithic integration, not 
least because of its low power require- 
ment. 

The MT-BH laser (MT mass transport; 
Fig. 3e) is a variant of the BH laser 


whose main feature is the simplicity of 
manufacture without a second epitaxy 
process. Starting with a mushroom- 
shaped under-etched DH_ structure 
(Fig. 7c), the grooves at the sides of 
the active stripe are filled with InP in a 
mass transport process, e.g. using a 
halogenous transport medium such as 
chlorine. The characteristics of the laser 
with regard to threshold current, spec- 
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trum and modulation behavior are the 
same as those of the PBRS laser. 

In addition to the principal mode, the 
spectra of the index-guided lasers pre- 
sented above exhibit significant secon- 
dary modes which cause inadmissible 
distortion as a consequence of the fiber 
dispersion at transmission rates in the 
Gbit/s range and on long routes. Addi- 
tional longitudinal structuring measures 
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of light (top) and current (bottom) of the MCRW lasers (metal-clad ridge waveguide) at an optical wavelength of 1300 nm 


are necessary to suppress the secondary 
modes. A very promising potential solu- 
tion is the addition of a distributed feed- 
back (DFB) grid [11] above or below 
the active layer (Fig. 7d). This grid rep- 
resents a periodic modulation of the 
refractive index in the direction of light 
propagation and effects a locally distrib- 
uted reflection which the lightwave 
matched to the grid period experiences 
selectively. Secondary modes do not 
attain the resonance condition and 
are suppressed by more than 30 dB 
(Fig. 4d). 


The DFB principal can be applied to all 
of the lasers presented here. Since the 
emitted wavelength is determined by the 
grid period, modal jumps as a result of 
current and temperature variations are 
prevented on the one hand, while on the 
other, serveral DFB lasers with wave- 
lengths differing by a few nanometers 
can be monolithically integrated (e.g. 
for wavelength-division multiplex opera- 
tion). Due to the internal reflection, an 
external Fabry-Perot mirror resonator 
as used with normal laser structures is 
not necessary, so that DFB lasers are 
predestined for integration with other 
components, such as passive wave- 
guides. 
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With the development of MCRW, 
PBRS and MT-BH lasers, sources for 
use in the wavelength regions at 1300 
and 1550 nm will be available for appli- 
cations at 140 Mbit/s in the user line net- 
work and at 565 Mbit/s or 2.4 Gbit/s 
(DFB addition) in the local and long- 
haul networks. Succesful laboratory 
experiments performed at Siemens with 
bit rates up to 8 Gbit/s indicate that the 
transmission capacity can be substan- 
tially increased. 


Detectors 


Optical telecommunication in_ the 
wavelength regions around 1300 nm and 
1550 nm necessitated the development 
of photodetectors from new semicon- 
ducting materials for use as receiving 
devices. Silicon, which is the preferred 
material for photodetectors, 1s transpa- 
rent in these wavelength regions. 


Photodetectors made of germanium and 
InGaAs/InP have now become avail- 
able. The diodes can be divided roughly 
into three groups: PIN photodiodes 
made of InGaAs/InP as well as two 
photodiodes with internal gain (APD 
avalanche photodiodes), which are 
either made of InGaAs/InP or of ger- 
manium. 


InGaAs/InP PIN photodiodes 


Fig. 8 shows a schematic section through 
a planar PIN photodiode [12], whose 
multilayer structure is still produced by 
means of liquid-phase epitaxy. Starting 
from an n° doped InP substrate there 
follow an n- InP buffer layer and an 
n InGaAs absorption layer. The two 
InGaAsP layers lying above this prevent 
meltback of the InGaAs layer during the 
expitaxy process. Finally, an InP layer 
is formed. All epitaxy layers are not 
deliberately doped and are _ n-type 
with charge carrier concentrations of 
about 5 - 10° cm~°. With the aid of Zn 
diffusion, a p-n junction is produced on 
the upper surface of the InGaAs ab- 
sorption layer through apertures in the 
SiN, masks applied to the epitaxial 
layers. The diameter of the p-n junction 
amounts to 75 um. There finally follows 
the application of a second SiN, passiva- 
tion layer, the vapor-deposition of the 
p and n contacts, as well as the produc- 
tion of the antireflection layer on the 
InP substrate. 


The photodiodes are illuminated 
through the transparent InP substrate, 
the InP window layer also guaranteeing 
a low recombination of the charge car- 
riers generated by light absorption at the 
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Fig. 7 Structure of semiconductor lasers revealed by the scanning electron microscope 


a Section through the MCRW structure (metal-clad-ridge waveguide) 

b Section through the PBRS structure (planar buried-ridge structure) 

¢ Section through the mushroom structure of the MT-BH laser (mass transport buried heterostructure) before the mass transport process 
d Longitudinal section through the DFB structure (distributed feedback) 


@) InGaAsP active layer 
(2) InGaAsP grid layer 
(3) InP cladding layers 


InGaAs/InP interface. Together with 
the antireflection layer, this character- 
istic results in photodiodes with the 
high quantum efficiency of 90% in 
the wavelength region from 1000 to 
1600 nm. In addition, the diode struc- 
ture and the method of illumination 
have the advantage that the active sur- 
face of the diode is not shaded by con- 
tacts. 

For this reason, the diameter of the p-n 
Junction can be kept as small as is 
required by the illumination produced 
by the light coupled from the optical 
waveguide into the crystal. As a conse- 
quence, both the capacitance and the 


dark current can be kept to a minimum. 
Photodiodes with 75 um diameter p-n 
junctions have dark currents less than 
100 pA at reverse voltages between 
5 and 15 V. In fact the best values at 
a reverse voltage of 20 V are around 
10 pA. The capacitance of the photo- 
diode chip typically amounts to 0.2 pF 
at a reverse voltage of 10 V. The rise and 
fall times of the photocurrent for a step- 
like optical signal lie below 50 ps, with 
the speed of the photodiodes limited by 
the time necessary for the transit of the 
charge carriers through the absorption 
zone. From long-term investigations of 
photodiodes at reverse voltages of 15 V 
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and temperatures up to 200°C, it is pos- 
sible to estimate a room temperature life 
(dark current increase to 1 nA at 15 V 
reverse voltage) of 10” h. 

The InGaAs/InP PIN photodiodes with 
low dark current, low capacitance and 
high quantum efficiency are suitable for 
use in receivers for optical communica- 
tion systems with transmission rates up 
to about 565 Mbit/s. Receivers employ- 
ing these photodiodes and high-impe- 
dance amplifiers using GaAs field-effect 
transistors in the front-end yield best 
values for the sensitivity of —45.5 dBm 
at 168 Mbit/s and —36 dBm at 680 Mbit/s 
for a bit error ratio of 107”. 
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InGaAs/InP avalanche photodiodes (APD) 


The physical characteristics of InGaAs/ 
InP avalanche photodiodes make them 
probably the most sensitive optical 
receivers for the wavelength region from 
1300 to 1550 nm. A structure for such a 
planar APD is shown in Fig. 9; the semi- 
conductor layer structure is roughly the 
same as that of the InGaAs/InP PIN 
photodiode. The essential difference is 
that, in the avalanche photodiode, 
the p-n junction lies in the InP material. 
Careful optimization of the doping pro- 
files and layer thicknesses of the n-InP 
and n-InGaAs layers is necessary in 
order to ensure avalanche operation of 
the diode [13]. 


When a reverse voltage having approxi- 
mately the magnitude of the diode 
breakdown voltage is applied, the fol- 
lowing must take place: 


e The maximum electrical field strength 
at the p-n junction in the InP region 
must be so high that the holes (positive 
charge carriers) generated by light 
absorption in the InGaAs layer which 
have drifted to the p-n junction generate 
further charge carriers by impact 1oniza- 
tion (avalanche effect, internal current 
gain). 

e The field should extend as far as pos- 
sible through the InGaAs absorption 
layer up to the n*-InP layer, but be so 
low in the InGaAs layer as to prevent 
the generation of a high dark current. 


Due to the location of the absorption 
region and the high-field or multiplica- 
tion region in different semiconducting 
materials, this structure is also referred 
to as separate absorption multiplication 
avalanche photodiode (SAM-APD). 


Furthermore, a special importance at- 
taches to the two InGaAsP intermediate 
layers in the avalanche photodiode. The 
inclusion of these layers ensures that the 
photogenerated holes can drift without 
hindrance to the p-n junction in the InP 
region and are not delayed by a poten- 
tial step, such as occurs between the InP 
and InGaAs layers. This would result in 
a slow time response for the avalanche 
photodiode. The guard ring at the edge 
of the p-n junction is intended to prevent 
the avalanche photodiode breaking 
down locally and inhomogeneously in 
the region of pronounced curvature of 
the p-n junction, and thus prevent a 
controlled multiplication of the photo- 
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Fig.8 Schematic section through an InGaAs/InP 
planar PIN photodiode 
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Fig.9 Schematic section through an InGaAs/InP 
planar avalanche photodiode 

(SAM-APD | separate absorption multiplication 
avalanche photodiode) 


generated charge carriers in the flat, 
active region of the p-n junction. 


Whereas with avalanche photodiodes 
having a mesa structure and similar layer 
sequence [13], in which the guard ring is 
omitted, low dark currents and high 
gains have been achieved, this has been 
possible to only an inadequate extent 
with planar avalanche photodiodes, due 
to bad guard rings. 


Mesa APDs attain maximum photocur- 
rent gains of up to 10*. At lower values 
of 10 to 20, such as are required in opti- 
cal receivers, dark currents of 2 nA and 
primary dark currents of 100 pA have 
been achieved. This resulted in a max- 
imum bandwidth of 3 GHz and a gain- 
bandwidth product of 30 GHz [14]. The 
use of mesa APDs in optical receivers 
resulted in an improvement in the sen- 
sitivity of 3 to 5 dB compared to the 
use of InGaAs/InP PIN photodiodes. 
The long-term stability of mesa APDs 
is, however, inadequate and this can 
probably only be corrected by the use of 
planar structures. 


Germanium avalanche photodiodes 


Germanium avalanche photodiodes are 
currently the standard APD available 
for optical communication systems op- 
erating at a wavelength of 1300 nm. 
They have fundamental disadvantages 
compared to InGaAs/InP avalanche 
photodiodes: higher dark current (150 to 
300 nA for diodes with an active area 
diameter of 100 um), somewhat greater 
excess noise and limited spectral respon- 
sivity extending only to a wavelength 
of about 1500 nm. Ge-APDs for a wave- 
length of 1550 nm call for a special 
design and are not yet available. 


Germanium avalanche photodiodes 
nowadays exhibit a p’n structure which 
is completely produced by ion implanta- 
tion in an n-Ge substrate. Due to the 
increased use of single-mode fibers with 
their smaller core diameters compared 
to graded-index (multimode) fibers, a 
trend to small-area avalanche photo- 
diodes with diameters of 50 um or even 
30 um has taken place in recent years; 
this was accompanied by an increase in 
the bandwidth. Fig. 10 shows a sche- 
matic section through a pn germanium 
APD [15]. In a germanium substrate 
doped with antimony (n - 6 - 10° cm~’) 
implantation of boron ions is used to 
produce the active p-layer and of beryl- 
lium to produce the p-region for the 
guard ring as well as the p-layer of the 
contact area. 


The diameter of the active region 
amounts to 50 um. An n implantation 
produces an n‘-region (channel stop) 
which is intended to suppress surface 
leakage currents. S10 is used as passiva- 
tion and for the antireflection layer. The 
p contact consists of Al, the n contact of 
AuGe. Best values for the total dark 
current lie at around 30 nA, typical val- 
ues at 100 to 150 nA; the major compo- 
nent of this is surface leakage current. 
The volume dark current — only this is 
multiplied during avalanche operation — 
lies between about 10 and 15 nA. The 
quantum efficiency for wavelengths 
between 1200 and 1500 nm amounts to 
85% and falls off steeply for longer 
wavelengths. At a current gain of 
M = 10, the 3-dB cutoff frequency lies 
between 2.5 and 3 GHz. In optical 
receivers for transmission rates of 
680 Mbit/s, a receiver sensitivity of 
—38 dBm has been achieved for a bit 
error ratio of 10~’ using these avalanche 
photodiodes. 
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Optoelectronic integration 


In the last 15 years in_ particular, 
optoelectronic semiconductor devices, 
such as infrared and laser diodes as well 
as photodetectors, have experienced a 
rapid development. This is particularly 
true for applications in optical transmis- 
sion systems using components made 
from AlGaAs/GaAs and InGaAsP/InP, 
whose development is certainly not yet 
complete. As can be clearly seen from 
the laser diode, these components are 
very complex discrete devices adapted 
to various applications which are pro- 
duced in relatively small quantities using 
complicated technologies. In this respect 
they are comparable to the state-of-the- 
art of silicon devices 25 years ago. Since 
the optoelectronic devices are, in prin- 
ciple, transducers which transform elec- 
trical signals into optical signals and vice 
versa, they are always employed in an 
environment of electronic circuits. 
Since, in addition, the semiconductors 
used with optoelectronic devices permit 
the production of electronic devices 
(transistors), it seems logical to aim at 
integration on a common substrate to 
form optoelectronic integrated circuits 
(OHIC), 


Compared to conventional hybrid cir- 
cuits, the OEIC devices should provide 
smaller chip dimensions, higher reliabil- 
ity and a reduction in cost on large-scale 
production. In addition, they should 
offer advantages particularly at high 
transmission rates and high receiver sen- 
sitivities, due to the reduction in induct- 
ance and capacitance in the connections 
within the integrated basic elements. 


However, before this goal is reached 
some fundamental problems have to be 
solved, which result from the differing 
structures of optoelectronic and elec- 
tronic devices, and do not readily permit 
integration with optimum values for 
both devices. 


Fig. 11 shows schematically a multichan- 
nel repeater with photodetectors and 
preamplifiers at the input, electronic 
integrated circuits for signal processing 
as well as driver stages and laser or 
infrared-emitting diodes at the output. 
In integrated form this repeater chip 
would represent a very complex OEIC 
device. As can be seen from the dia- 
gram, the basic elements of the integra- 
tion are the photodiode-transistor com- 
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Fig. 10 Schematic section through a germanium 
planar avalanche photodiode 


bination at the input and the transistor- 
laser diode combination at the output. 
Fundamental questions relating to the 
feasibility of manufacturing OEIC cir- 
cuits from AlGaAs/GaAs and InGaAsP/ 
InP semiconductors are presently being 
tested on these basic elements or on 
circuits which have been somewhat 
extended by the addition of further 
transistors or optoelectronic devices [16, 
17]. Here the AlGaAs/GaAs system has 
the advantage that well-developed elec- 
tronic circuits are available in GaAs, 
whereas they have yet to be developed 
in the InGAsP/InP system. 


Special importance attaches to the GaAs 
laser (e.g. with index-guided, low-loss 
structure on a semi-insulating substrate) 


Photodetector 
Input amplifier 


input 


PD/Transistor 


DR Driver stage 
IRED  Infrared-emitting diode 
LD Laser diode 


Electronic integrated circuit 


Electrical inputs or outputs 


Basic elements 


in combination with fast integrated cir- 
cuits based on GaAs. For lasers based 
on InP there are also many possible 
combinations in optical communication 
systems — whether it be the addition of a 
monitor diode with the mirror surfaces 
produced by etching at the rear rather 
than by cleaving the crystal, or the addi- 
tion of a driver stage. By the addition of 
a detector diode, a monolithic repeater 
could be realized or, in conjunction with 
a wavelength-selective waveguide cou- 
pling device, a transmit and receive unit 
for bidirectional multiplex operation 
could be produced. A laser will also be 
found as the local oscillator in a receiver 
module for optical heterodyne reception 
employing heterodyne or homodyne 
techniques. Current research and devel- 
opment activities represent steps along 
the path to these goals. 


The OEIC development in the AlGaAs/ 
GaAs system is the furthest advanced, 
with the application targeted for systems 
with short route lengths (<5 km) and 
high transmission rates (1 to 2 Gbit/s) 
[18]. Even more complex OEIC circuits 
with electronic multiplexers and demul- 
tiplexers, driver stages for lasers and 
input amplifier stages for photodetectors 
have been produced for the optical 
interconnections of VLSI (very large 
scale integration) silicon chips with 
transmission rates up to 2 Gbit/s [19]. 


Laser, IRED 
Driver 


Optical 
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Transistor/LD 
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Fig. 11 Principle of an optical multichannel repeater; in the fully integrated version the repeater chip 
would represent a highly complex optoelectronic integrated circuit (OEIC) 
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Fig.12 InGaAs/InP photodiode/field-effect transistor combination 


a Schematic drawing 


b Scanning electron microscope photograph of the chip 


Progress has not advanced substantially 
beyond the production of the basic ele- 
ments in the InGaAsP/InP semiconduc- 
tor system. Fig. 12 shows the schematic 
drawing of a photodiode-transistor com- 
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Laser modules with defined optical and 
electrical connections are required for 
the construction of optical transmission 
systems. This article deals with the pos- 
sible ways of coupling light into single- 
mode fibers, the production of a cou- 
pling lens integrated onto the end of the 
fiber and the design of a laser module. 
The basis for this work was the experi- 
ence gained in the development and 
series production of laser modules with 
multimode pigtails. With the aid of good 
design, suitable material selection and 
new production methods, it is possible 
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Laser modules with defined optical and 
electrical connections are required for 
the construction of optical transmission 
systems. Fig.1 shows schematically the 
design of such a module comprising vari- 
ous discrete components. The optical 
connection is usually by means of a pig- 
tail with or without fiber-optic connec- 
tor. All electrical connections are pins or 
soldered terminals arranged on a modu- 
lar pitch, with standard pin assignments 
preferred. The hermetically-sealed case 
contains the laser diode, a monitor 
photodiode for controlling the laser bias 
current, the launching optics, the her- 
metically-sealed fiber feedthrough with 
stress relief, and frequently also a Peltier 
cooler with a thermistor. 


Experience gained in the development 
and series production of laser modules 
with multimode pigtails formed the basis 
for the control of the very close align- 
ment tolerances required with single- 
mode optical waveguide technology. 
These tolerances must be maintained 
not only during the actual production 
process, but over the entire life of the 
module and must not be exceeded even 
under varying environmental condi- 
tions. In addition, the RF properties of 
the module must be guaranteed. 


Coupling light 
into single-mode fibers 


When light from a laser is coupled into a 
single-mode fiber, maximum coupling 
efficiency is aimed at. At the same time, 
only very little light may be reflected 
back to the laser diode, in order to pre- 
vent interference with the operation of 
the laser. 


A coupling efficiency greater than 15% 
can only be achieved if the almost 
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Fig.1 Schematic diagram of a laser diode module 


Gaussian field distribution of the laser 
(spot radius w, ~ lum) and the fiber 
fundamental mode (spot radius wp = 
Sum) are matched to each other [1]. 
This matching is effected by a lens or a 
combination of lenses. Numerous ar- 
rangements have been proposed for this 
purpose, and these can be divided into 


Optical wavequide 


Hermetically sealed case 


Optical waveguide 
Coole 


| Optical 
matching 


Thermistor | 


1 Environmental effects 


Temperature control 


two classes: on the one hand one [2] or 
several [3] discrete lenses, and on the 
other a lens integrated into the end of 
the fiber [4 to 7]. Both classes have their 
advantages and disadvantages, which 
are discussed fully in [8]. The drawn 
fiber taper with a lens fused on has 
proved to be a form of coupling optics 


Fig.2 Drawn fiber taper with fused lens: arrangement employed (a) and various lens shapes (b), (c), (d) 
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which is very simple to realize, has a 
high efficiency and simultaneously low 
optical feedback on the laser. 


The arrangement for drawing the fiber 
taper is shown schematically in Fig. 2a. 
The fiber is locally heated in an electric 
arc up to the softening point and pulled 
so that it tapers in this region in the form 
of a double cone. When sufficient taper- 
ing has occurred, the drawing motor is 
stopped and the taper is melted through 
by the arc. As a result of the surface 
tension, the melted end of the taper 
forms into a lens. Various taper and lens 
shapes can be repeatedly produced 
(Figs. 2a to 2d) depending on the temp- 
erature and duration of the arc and on 
the drawing speed. The tapers are typi- 
cally 300 to 500um long, and the lens 
radu lie between 10 and 20 um. Coupling 
efficiencies of about 60% have been 
obtained in the laboratory using drawn 
fibers [9]. 


The coupling efficiency is limited largely 
by aberration and reflection losses at the 
fiber lens, as well as by the ellipticity of 
the laser field distribution. 


Fig.3 shows the dependence of the 
power coupled into the fiber on the posi- 
tioning of the fiber (Figs.3a and 3b). It 
can be seen that the alignment trans- 


telcom report 10 (1987) Special “Multiplexing and Line Transmission” 


Optical Components and Circuits 


i Optical power in the fiber 


0.5 


=>} 
NO 
So 
> 
om 
= 
[oP 
=] 


Fig.3 Relationship between maximum coupling efficiency and alignment tolerances with drawn fiber taper 


a Power coupled into fiber with axial displacement 
b Power coupled into fiber with transverse displacement 
c Permissible transverse alignment tolerance Ax for 1-dB coupling loss as a function of maximum coupling efficiency 


verse to the optical axis is very critical 
(Fig. 3b). The permissible tolerance for 
a 1-dB coupling loss with a given laser Paltier 
diode far-field angle is a function of the ana 
maximum achievable coupling efficiency 
(Fig.3c). It reduces with increasing 
coupling efficiency. For this reason, tap- 
ers with a maximum coupling efficiency 
of 30 to 40% are employed for the series 
production of modules. For a 1-dB 
coupling loss the permissible transverse 
tolerance is then +0.7 to 0.5um, the 
tolerance in the axial direction amounts 
to about +5 um. 


Monitor Laser 
diode diode 


*%, 


Case 


Periodic fluctuations can be clearly seen 
on the curve of coupled power shown in 
Fig.3a. These fluctuations decrease 
with increasing distance between the 
laser diode and the lens. They are a 
result of the reaction of the light 
reflected by the vertex of the lens on the 
laser diode [10]. With the lens radii 
employed here, this reaction amounts to 

about —40dB at maximum coupled 
power. It does not cause degradation of 
the transmission quality when the laser 


a 


Insulation Thermistor Pigtail clamp 


is modulated at 565 Mbit/s, if laser 024 Case/cooler group CS Pigtail unit 
diodes with Fabry-Perot resonators are Monitor/thermistor unit GE Laser substrate unit 
employed. Fig.4 Cutaway view of a laser module; the various subassemblies are emphasized by different colors 
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The reaction from the connector at the 
end of the pigtail can exceed that from 
the lens vertex by up to 17dB in very 
unfavorable circumstances. Interference 
with the transmission quality is possible 
in this case. 


Construction 


Series-produced laser modules are sub- 
jected to a series of tests (defined in IEC 
68-2), which are designed to ensure reli- 
able long-term operation under varying 
environmental conditions. The most dif- 
ficult requirement is limiting the max- 
imum permissible fluctuation of the out- 
put power in the fiber to 0.2dB at 
ambient temperatures between 0 and 
60°C. This requirement means that the 
misalignment of the fiber transverse to 
the optical axis must remain less than 
0.l1um. However, in the temperature 
range referred to, the thermal expansion 
of the case with normal materials and 
typical dimensions is about 10 um. 


The required alignment tolerances can 
only be maintained and guaranteed if, 
on the one hand, the design and material 
selection take account of the unavoid- 
able thermal expansion, while on the 
other suitable bonding technologies are 
employed for the secure attachment of 
the fiber and laser. A fundamental 
requirement in this context is the avoid- 
ance of organic adhesives and statically 
loaded soldered joints. Only a hermeti- 
cally-sealed case can provide effective 
protection against the influence of the 
external atmosphere. 


Glass soldering and laser welding techni- 
ques were introduced for the first time 
for the newly-developed assembly 
method. In addition, the extensive 
replacement of the soldering technique 
by various microwelding processes cre- 
ated the conditions for automatic assem- 
bly of the modules. 


Fig.4 shows the construction of the 
module which was developed from the 
SFH 408 laser module with multimode 
pigtail [11]. To increase the quality 
assurance, various components have 
been combined to form subassemblies 
which are tested separately. This is indi- 
cated in Fig.4 by different colors. The 
subassemblies comprise the case/cooler 
group, the monitor/thermistor unit, the 
pigtail unit and the laser substrate unit 
with laser diode and fiber support. The 
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Fig.5 Alignment and fixing the end of the fiber in front of the laser diode 


laser diode is subjected to a burn-in pro- 
cess before mounting in the module case 
bese 


By means of suitable design, correct 
material selection and newly-developed 
adjustment and bonding techniques, the 
stringent demands on the adjustment of 
the fibers in front of the laser can be 
met. A combined “glass soldering and 
laser welding technique” ensures precise 
fixing of the end of the fiber in front of 
the laser and the hermetic-sealing of the 
pigtail to the case. To prevent thermal 
stress of the fiber, it is fused in a metal 
capillary at only one point and thus fixed 
in the axial direction. The capillary, 
attached by means of soldering to the 
wall of the case and by means of laser 
microwelding to the capillary support in 
front of the laser diode, transforms the 
axial reference point to the immediate 
vicinity of the laser diode. 


The fine adjustment of the fiber in the 
two directions perpendicular to the opti- 
cal axis takes place during laser opera- 
tion using a micromanipulator. For sub- 
sequent fixing, the fiber is attached to 
the same substrate in front of the laser 
by means of stabilized solder (Fig. 5). 
This results in a high-precision and 
stable laser-fiber coupling. 


All electrical connections are made to 
the relevant pins of the case by means of 
resistance welding. Finally, the top 
cover is hermetically sealed in place by 
means of laser welding. 


Outlook 


The division of the module into testable 
subassemblies and the use of modern 
methods of joining facilitate efficient 
production with lasting high precision 
and quality. This results in components 
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which meet the requirements for the 
widespread use of single-mode optical 
waveguide technology. The module 
described above is suitable for bit rates 
up to about 1 Gbit/s. 

Ever higher bit rates with larger re- 
peater spacing: this trend in telecom- 
munication systems points the way for 
further module development. Lasers 
with a single-mode dynamic spectrum 
are necessary for the next hierarchy 


Optical Components and Circuits 


level at 2.4 Gbit/s. They will have a dis- 
tributed feedback (DFB) structure. Spe- 
cial requirements on the spectral purity 
arise when light at a wavelength of 
1550nm (attenuation minimum of the 
fiber) is coupled into fibers having a zero 
dispersion point at 1300nm. The opti- 
cal feedback sensitivity of the lasers 
increases with reducing spectral band- 
width. These problems can be controlled 
by means of special coupling optics, in 


particular lens systems with built-in opti- 
cal isolators. 


Additional measures will have to be 
introduced in order to prevent the limit- 
ing of the bandwidth due to line induc- 
tance and stray capacitances. 


All in all, module development will 
become progressively more difficult. An 
early start must therefore be made with 
the necessary development work. 
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Konrad Rauchenecker and Gunter Wess 


Measurement — Testing — Quality Assurance 


A New Generation of lest Equioment 
for Digital Transmission Systems 


Digital transmission and switching sys- 
tems with their economic, technical and 
operating advantages are forming a 
growing proportion of the new terminal 
equipment and of the new local and 
long-distance communication links be- 
ing installed throughout the world. This 
growth is reflected in the increasing re- 
quirement for digital measuring equip- 
ment on the part of both public and 
private telecommunication bodies, lab- 
oratories and test departments in the 
area of quality assurance. Such measur- 
ing instruments are computer-controlled 
and multifunctional due to the use of 
miniaturized technology. They employ 
modern operating concepts and feature 
extensive programs for analyzing mea- 
surement results. These instruments 
incorporate the test methods, facilities 
and required accuracies as detailed 
largely in the CCITT recommendations 
[1 to 3]. 


Dipl.-Ing. Konrad Rauchenecker and 
Dipl.-Ing. Gunter Wess, 

Siemens AG, 

Messgeratewerk, 

Berlin 


<| To guarantee the high reliability of fiber-optic 
transmitters, each component is subjected to a 
burn-in 


Test methods for digital 
system terminal stations 


CCITT Recommendation G.712 de- 
scribes the performance characteristics 
for digital speech channels (PCM chan- 
nels), together with methods for 
measuring these characteristics when 
two communicating terminals are con- 
nected on the digital side, and the mea- 
surements are carried out via the voice 
frequency (VF) inputs and outputs. For 
measurements between analog and digi- 
tal interfaces performed at the transmit 
and receive equipments separately, 
CCITT Recommendation G.714 applies 
(Table). 


Quantizing distortion has a major influ- 
ence on quality in the PCM encoding 
and decoding of speech signals. The 
CCITT has recommended two methods 
for measuring this parameter. In the first 
method, a sinusoidal signal in the fre- 
quency range 700 to 1100 Hz, which may 
not be a subharmonic of the 8-kHz 
sampling rate, 1s injected. After suitable 
filtering, the signal and noise voltages 
are measured at the output. In the case 


Test parameter (A analog, D digital) 
Attenuation/frequency distortion 
Variation of gain with input level 
Absolute level 

Crosstalk rejection 

Idle channel noise 

Quantizing distortion 


Load capacity 


of the second method, a band-limited 
noise signal can be injected. Signal 
power ($) and distortion power (Q) are 
measured selectively, the distortion 
power in the measuring channel band- 
width is corrected for the bandwidth of 
the telephone channel, and the ratio 
S/O calculated. The advantage of mea- 
suring with band-limited noise lies in 
the fact that the behavior of $/Q is not 
heavily dependent on small changes 
in input level [4]. For example, when 
measuring with a sinusoidal signal, level 
changes of only 0.1dB are sufficient 
to cause changes of up to 1dB in the 
signal-to-quantizing noise ratio. Re- 
producibility is thus limited when mea- 
suring at individual points with 
sinusoidal signals. On the other hand, 
measurement with a sinusoidal signal 
yields precise information on the fine 
structure of the quantizing distortion. 


Apart from recommending limits for the 
attenuation/frequency distortion and 
group delay in the telephone channels of 
a communication link, particular atten- 
tion is paid to the variation of gain with 
input level. This measurement method is 


x x x 


Table Summary of the principal measurements on digital system terminals 
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Fig.1 Variation of gain with input level displayed on the screen of PCM terminal test set P2012 


employed to detect inaccuracies in the 
decision thresholds of the encoders and 
decoders being used. Accurate and reli- 
able measurement requires very fine 
control over the output level since 
encoding errors can often only be clearly 
identified as due to gain errors by using 
very high resolution. In order to obtain 
measurement results rapidly and conve- 
niently, it is advantageous to use 
measuring systems which automatically 
sweep through the level range and 
clearly display the measurement results 
in a level diagram. The measurement in 
Fig. 1 is an example showing the gain 
variation attributable to the encoding 
law in a digital loop circuit. 


Measurement of attenuation/frequency 
distortion, return loss, impedance and 
longitudinal balance at the analog con- 
nections of digital systems can be carried 
out using both conventional swept 
techniques or with a multitone test sig- 
nal consisting of many discrete frequen- 
cies. In the latter case, the measurement 
results are evaluated using digital signal 
processing and fast Fourier transforms. 
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In addition to determining the power 
distribution of the frequencies contained 
in the test signal, this also allows mea- 
surement of impedance phase values 
which is becoming increasingly impor- 
tant due to the growing introduction of 
complex terminations at the terminals. 


As digital equipment, and in particular, 
digital switching systems, continue to 
spread into telecommunication  net- 
works, point-to-point connections can 
no longer be assumed. In addition, 
encoders and decoders are no longer 
permanently assigned. For this reason, 
the CCITT issued Recommendation 
G.714 which defines quality parameters 
for encoders and decoders between the 
analog and digital interfaces, the so- 
called “half-channel” parameters. A fur- 
ther Recommendation O.133 defines 
the properties of test facilities for deter- 
mining these half-channel parameters. 


This recommendation sets maximum 
error limits of 0.08 dB for the gain mea- 


_ 


surement at the reference point and of 
0.1 dB, for example, for the variation of 


gain with input level measurement in the 
range to —40 dB. 


Achieving these high accuracies requires 
not only the use of high quality VF 
transmitters and receivers, but also spe- 
cial methods of generating and evaluat- 
ing the digital signals. Errors caused by 
encoding and decoding circuits in the 
test equipment are avoided first by pro 
ducing the digital transmit signal by 
synthesis in a reproducible manner, and 
second by analyzing the digital receive 
signal with suitable computer methods. 
This approach isolates the signal filter- 
ing and level measurement functions 
from the errors due to such factors as 
temperature dependence and aging, 
which are unavoidable in electronic 
components. 


Test methods 
for digital communication systems 


The quality of a digital communication 
link is judged by the frequency with 
which incorrect or wrongly encoded bits 
are transmitted. Such impairments may 
be caused by noise voltages, crosstalk, 
accumulation of phase jitter in the 
regenerators and the effects of external 
interference sources. It is therefore con- 
sidered useful to determine the depend- 
ence of bit error ratio on phase varia- 
tions in the digital signal (jitter tolerance 
measurement). This phase jitter is simu- 
lated by using a phase modulator and sine- 
wave generator to jitter the system clock. 


Fig. 2 shows the limits for the adjustable 
phase jitter in measuring equipment as a 
function of the jitter frequency and the 
transmission rate, as laid down in 
CCITT Recommendation O.171. 


With this method, it is advisable to 
determine the bit error increase per sec- 
ond continuously in the receive section 
of the measuring equipment, and to vary 
the parameters, jitter amplitude and jit- 
ter frequency, in a controlled manner. It 
is then easy to observe a spontaneous 
increase to an excessively high bit error 
ratio and thus to determine the jitter 
tolerance limit. In practice, it is also pos- 
sible to check whether the specified jit- 
ter tolerance curves of systems or system 
components are being met and thus to 
judge the system quality. 


Instrumentation for establishing trans- 
mission quality is always based on com- 
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paring the bits of known digital test pat- 
terns or on measuring code violations. A 
rapid overview of the condition of a test 
item can be obtained by observing the 
instantaneous values displayed for the 
bit, code or block error rates, the sum of 
all discrete errors or the error increase 
per time interval. Error analysis, 1.e. the 
knowledge of the error rate distribution 
over longer observation periods, is how- 
ever becoming increasingly important. 
This is because this is usually the only 
way of tracing errors to external inter- 
ference sources, such as railroad traffic 
or load switching transients. 


The basis for error analysis to determine 
system availability is CCITT Recom- 
mendation G.821 which appeared in 
1985. Although this deals exclusively 
with the detection of errors on interna- 
tional digital connections forming a sec- 
tion of the ISDN, namely the 64-kbit/s 
links, it can also be applied to assessing 
digital systems with higher bit rates if the 
multiplex factor is taken into account. 


In CCITT Recommendation G.821, 
definitions have been introduced for 
time intervals classified according to 
availability criteria. These intervals are 
specified as a percentage of a total 
observation period: 


e EFS (error free second): one second 
interval free of bit errors, 
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e ES (errored second): one second 
interval containing one or more bit 
errors, 


e SES (severely errored second): one 
second interval with a bit error ratio 

= 1:10". 

e DM (degraded minute): one minute 
interval in which the bit error ratio is 
+ 10% 

e US (unavailable second): unavailable 
time interval in which the bit error ratio 
is > 1- 10° (this interval starts after 

10 consecutive seconds with a bit error 
ratio of > 1 - 10-° and ends after 10 con- 


secutive seconds with a bit error ratio 
21 1), 


By using these definitions, it is possible 
to determine and compare the quality 
characteristics of digital transmission 
systems. 


New generation of test equipment 
for digital transmission systems 


The previously mentioned requirements 
for high accuracy in measuring the per- 
formance of PCM terminals to CCITT 
Recommendation G.714 are met by 
PCM terminal test set P2012 shown in 
Fig. 3. This set also contains facilities to 
generate and analyze PCM frames and 
multiframes for both PCM30 and 
PCM10 systems. 


Mbit/s fo 
kHz 


fs 


CCITT Recommendation O. 171 


Fig.2 Maximum adjustable jitter amplitude UI (unit interval) as a function of the jitter frequency (f) for 


digital measuring instruments 
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Fig.4 shows the functional diagram of 
test set P2012. This contains the trans- 
mitter and receiver for the analog inter- 
faces of modem equipment and for the 
digital connections with 30 or 10 tele- 
phone channels. 


PCM terminal test set P2012 consists 
basically of the following six functional 
units: 


e digital transmitter, 
e digital analyzer, 


e VF generator with auxiliary 
transmitter, 


e VE level meter, 


e digital filter with RMS rectification 
and 


@ operating computer and display 
section. 


The digital transmitter delivers AMI or 
HDB3 coded pulse trains as well as 
TTL-level binary signals for PCM30 and 
PCM10 channel systems. With “AMI” 
or “BINARY,” the associated clock is 
also delivered. In 64-kbit/s operation, an 
external code word is inserted into the 
selected channel and transmitted at a bit 
rate of 2048 or 704 kbit/s. Word forma- 
tion is carried out using clock signals at 
frequencies of 2048 or 704 kHz, which 
are generated either from a_ built-in 
oscillator, from an external source or 
from a clock recovery circuit in the 
receive section. 


Level values for sinusoidal and noise sig- 
nals are stored in a memory. A signal 
processor reads these 16-bit words at a 
rate of 8 kHz, converts them to the 
desired output level and encodes them 
according to the A-law. The 8-bit words 
so generated are then inserted into the 
PCM frame and transmitted in the 
selected time slot. 


The framing for PCM30 systems is car- 
ried out in accordance with CCITT 
Recommendation G.704. In the PCM10 
frame, the alignment signal, the service 
word and the multiframe alignment sig- 
nal and service word are interleaved in 
time slot 0. 


The digital analyzer can be set to receive 
and process AMI coded, HDB3 coded 
or binary signals. The clock required for 
further signal processing is recovered 
from the pseudo-ternary pulse train. A 
separate clock input is provided for 
binary signals. 
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PCM terminal test set P2012 for PCM10 and PCM30 systems 


Input 


VE amplifier 
Low-pass 
filter 
PCM 30 
PCM 10 Frame analysis 
Channel selection 
Clock 
Clock 64-kbit/s 
recovery output 
Synchronous PCM channel 
output output 
V.24 terminal V.24 modem Video 


Microprocessor 
interface 


Power supply 


Front panel 
CRT 


Pulse code modulation 


n PCM 


Fig.4 Functional diagram of the PCM terminal test set P1012 
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The VF generator contains a PROM in 
which the sample values for generating 
sinusoidal or noise signals are stored. 
With a sampling rate of 16 kHz and 8192 
words, the minimum frequency incre- 
ment for sinusoidal signals is 1.953 Hz. 
The transmit frequencies are integral 
multiples of this basic frequency; the 
repetition frequency of the band-limited 
noise signal (350 to 550 Hz) is 3.906 Hz. 
Each 12-bit word is passed to a digital- 
to-analog converter, amplified and fil- 
tered in a low-pass filter. The output 
level can be varied in 0.1-dB steps with 
the aid of programmable attenuators. 


The VF generator has an additional 
auxiliary signal output which delivers 
a band-limited noise signal (350 to 
550 Hz) with a level of about —55 dBm0 
for crosstalk measurements. 


The VF level meter has the same impe- 
dances as the VF generator. The input 
signal sensitivity is matched to the rele- 
vant transmit level. With crosstalk, noise 
and level measurements, the level is 
measured as an absolute quantity in two 
sensitivity stages. The input signal pass- 
es through an “anti-aliasing filter,” a 
low-pass filter which prevents frequency 
foldover during the digital processing. 
After this, the analog signal is sampled 
at a frequency of 10.66 kHz and passed 
to an analog-to-digital converter which 
converts it to a proportional 12-bit word 
for further processing. 


Both the analog signals from the level 
meter and the digital signals from the 
digital analyzer must be weighted 
according to filter criteria. Following 
this, the RMS value of the filter signal 
must be determined. These tasks are 
carried out in the P2012 with the aid of 
two fast signal processors. The calcula- 
tion is based in the former case on the 
sample values of the analog signal from 
the VF level meter, and in the latter case 
with the digital analyzer, on the coded 
values of the PCM signal. 


A central computer working together 
with several slave processors handles the 
numerous tasks of controlling the func- 
tional units, data input and output as 
well as measurement collection and pro- 
cessing. 


The test set with its built-in CRT pro- 
vides a compact system for rapid evalua- 
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tion of the parameters laid down in 
CCITT Recommendations O.131 and 
O.133. Measurement of quantizing dis- 
tortion, for example, can be carried out 
over a 60-dB level range with 0.5-dB 
increments in only 50 seconds. 


A feature of the set is that, despite a 
multitude of measuring and setting pos- 
sibilities, it remains simple and straight- 
forward to operate. This is achieved by 
use of a practical menu system combined 
with softkeys at the lower edge of the 
screen (Fig. 5). 


Fig.6 shows the result of an S$/Q mea- 
surement. The measurement values can 
be numerically displayed using a key- 
driven cursor and read off with a resolu- 
tion of 0.01 dB. CMOS memory with 
battery backup in the test set provides 
storage for up to ten complete settings 
which can be recalled at any time. The 
same applies to the associated measure- 
ment results. 


The test set can be operated via both the 
IEC and V.24 interfaces. In the case of 
PCM multiplexers with channel-associ- 
ated signaling in time slot 16 of the PCM 
frame, it is important when checking sig- 
naling converters to measure the time 
taken to respond to stimuli in the signal- 
ing channel. For this reason, test set 
P2012 has an operating mode in which a 
computer connected via the [EC bus can 
store different bit patterns of selectable 
duration in a memory. When the mea- 
surement starts, these patterns are 
sequentially transmitted in time slot 16 
of the frame. The signaling bits con- 
tained in the PCM30 receive signal are 
accepted by the P2012 for two selectable 
channels, stored, and after completion 
of the measurement, passed to the con- 
trolling computer. This operating mode 
also facilitates the transmission of tele- 
phone numbers or the continuous moni- 
toring of the PCM30 signaling channel. 


PCM PABX test set P2112 has broadly 
similar capabilities to those already 
described for test set P2012. It does 
however contain additional measuring 
bridges for determining longitudinal 
balance and return loss at analog inter- 
faces. Special measuring facilities for 
digital PABX systems are provided to 
determine the half-channel parameters 
between the 64-kbit/s digital interface 
and the analog interface. 


S Signal power QO 
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Fig.5 Parameter setting example for an S/Q- measurement 
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Fig.6 Results of an S/Q- measurement 
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Portable VF PCM test set P2011 1s 
designed for measurements on analog 
interfaces in the telephone-channel fre- 
quency range. Transmitter and receiver 
are combined in a single unit. A built-in 
microcomputer provides convenient, 
interactive operation. The two _ test 
modes (Fig.7) and the individual setting 
parameters such as transmit level, impe- 
dance, measuring speed, x-y ranges etc., 
can be selected via menus and keys. 
Measurement results are displayed 
graphically ona CRT. 


This test set enables attenuation/fre- 
quency distortion, return loss, impe- 
dance and longitudinal balance to be 
measured at the analog interfaces of 
digital transmission systems using either 
the conventional swept method or a test 
signal comprising 35 discrete frequen- 
cies. 


The conventional swept method offers 
the advantage of compatibility with 
established test equipment, such as 
K211, K2001 and K2202. The modern 
FFT method, on the other hand, pro- 
duces considerably shorter test times 
and allows the results to be displayed by 
magnitude and phase. For example, 
Fig.7 Test mode menu for portable VF PCM test set P2011 portable VF PCM test set P2011 permits 


accurate and rapid measurement of the 
complex Z values which have recently 
been introduced internationally in trans- 
mission equipment. 


For route measurements, the test set 

also allows the test sequences of two 

communicating instruments to be syn- 

chronously controlled from one location 

miei and the measurement results to be trans- 

RN re ana mitted from one instrument to the other 
zs po via V.24 interfaces. 


Bit error measuring set P2030 for long- 
distance connections (Fig. 8) is designed 
to enable the customer to plan and 
expand his test instrument inventory 
cost-effectively. For this purpose, the 
transmit and receive sections are con- 
tained in a common case. The test set 1s 
designed for all transmission rates in the 
range from 45 kHz to 145 Mbit/s and 
incorporates clock frequency generators 
and clock recovery circuits for the most 
common hierarchy levels (0.7), 2, 8, 34 
and 140 Mbit/s. 


Fig.9 shows the block diagram of the 
Fig.8 Bit error measuring set P2030 set. A highly stable, temperature-com- 
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pensated crystal oscillator with a long- 
term stability of <1-10°° ensures that 
all the clock frequencies generated in 
the set are highly accurate. They are 
derived from the crystal frequency using 
synthesizer techniques and phase-locked 
loops. The plesiochronous mode of digi- 
tal transmission system operation means 
that it is necessary to check operating 
realiability in response to clock fre- 
quency deviations of up to +50-10~° 
depending on the system. Synthesizer 
techniques permit defined detuning 
from the nominal value in exact steps of 
1-10~° over the range 0 to + 99-10°°. 

Phase jitter is an important noise source 
in digital transmission systems and can 
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be simulated in a simple manner using a 
built-in phase modulator and jitter fre- 
quency generator. To permit remote 
control, the latter is realized as a syn- 
thesizer in the 2-Hz to 5-MHz frequency 
range with a regulated output voltage. A 
subsequent attenuator in the set enables 
the modulating voltage at the phase 
modulator, and hence the modulation 
factor of the clock frequency, to be var- 
ied in a controlled manner. Phase devia- 
tions of up to 10 UI (unit interval) can be 
selected, one UI corresponding to 360 
degrees. 

In order to check a transmission link for 
jitter tolerance, it is customary to employ 
the test pattern generators defined in 


fi Error NRZ or ECL 
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PN generator 
Error injection 
Encoding 
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——ass ee F ' 
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CMI Coded mark inversion NRZ Nonreturn to zero 
ECL Emitter coupled logic PCM Pulse code modulation 
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Fig.9 Functional diagram for bit error measuring set P2030 
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CCITT Recommendation O.151. These 
comprise shift registers containing 9, 15 
or 23 stages which generate periodically 
repeated bit patterns 2”—1 bits long (n 
is the number of stages in the shift regis- 
ter). Bit error measuring set P2030 can 
also be used to apply controlled jitter to 
an undefined data signal in HDB3 or 
CMI code (including, for example, bit 
sequences which contain a frame align- 
ment signal). This permits multiplexers 
to be included in the test. In this applica- 
tion, the PCM test set is operated in the 
“through modulator mode” and looped 
into the line under test. The usual test 
for bit, code or block errors is per- 
formed with the aid of a second test set. 


Error detection 


Clock recovery 
140 Mbit/s — 
output 
Logic 
Clock recovery 
™ 2834 Mbit/s 
Broadband Clock 
clock input output 
0.045 to 145 MHz 


Front panel : 


PN generator — Pseudorandom noise generator 
VF Voice frequency 
RZ Return to zero 


311 


Measurement — Testing — Quality Assurance 


Depending on the mode of operation, 
the bit, code and block error rates are 
calculated, single errors are summed 
and stored, and the error increase is 
determined in each case or the average 
value is calculated over an extended 
period. These analysis facilities provide 
the basis for processing the results fur- 
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Fig.10 is an example showing part of a 
test record printed out by an external 
printer with a V.24 interface. In this 
example, a measurement interval of 8 
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Fig. 10 Measurement printout for a typical bit error analysis per CCITT Recommendation G.821 


ai2 


minutes was programmed with a print- 
out after each full minute. The principal 
test parameters such as bit rate, code, 
clock detuning, test pattern and jitter 
are documented at the start of the mea- 
surement. The essential information is 
presented in the last line of the printout 
with an analysis of the errors over the 
complete measurement period in 
accordance with CCITT Recommenda- 
tion G.821. 


For clarity, the equipment settings are 
displayed alphanumerically on an LCD 
display. Measurement results can be 
read from a separate eight-digit LCD 
display. All equipment functions can be 
remotely controlled via an IEC bus 
connection. 
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Measuring and lest Equioment 
for Optical Communications 


The rapid spread of fiber-optic com- 
munication systems has been accom- 
panied by corresponding developments 
in measurement techniques. Whereas 
manufacturers of optical fibers check 
transmission-related criteria and me- 
chanical parameters such as homogene- 
ity, eccentricity etc., system operators 
are more interested in the quality of 
optical fibers after installation and in the 
long term. 


Dipl.-Ing. Karl Bauernfeind and 
Dipl.-Ing. Udo Geier, 

Siemens AG, 
Messgeratewerk, 

Berlin 


When laying fiber-optic cables, the 
important parameters to measure are 
those determined by splicing individual 
sections of optical fiber to form long 
transmission links. Attenuation coeffi- 
cient, attenuation, splice loss and fiber 
length are the parameters most fre- 
quently measured in practical applica- 
tions. During manufacture, installation 
and operation, it is necessary to deter- 
mine attenuation to an accuracy of a few 
percent for trouble-free transmission of 
information. Such measurements are 
normally performed with an attenuation 
test set using the so-called N-X method, 
in which the attenuation of the fiber 
under test is determined by comparing it 


a he _ = E 
mon 7? TRENT TES TTT ETT 


Fig.1 Fiber-optic attenuation test set K1185 
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with a (short) reference fiber. Informa- 
tion regarding the behavior of the 
attenuation coefficient over several line 
sections is gained by using the backscat- 
ter measurement method. This method 
also permits all inhomogeneities in a 
line, particularly discontinuities caused 
by splices, to be viewed at a single 
glance. 


Attenuation measurement 


Attenuation measuring equipment for 
the applications mentioned above must 
be tailored to meet various requirements 
and be suitable for both multimode 
(graded-index) fibers and single-mode 
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fibers. The equipment must also be 
capable of measuring at the various 
wavelengths used by the transmit and 
receive facilities of the transmission 
systems. At present, wavelengths of 
850 nm, 1300 nm and 1550 nm are in 
widespread use. 


Attenuation test set KI185 (Fig.1) con- 
sists of fiber-optic transmitter W2185 
and fiber-optic receiver D2185. Plug-ins 
for both transmitter and receiver are 
available for measurements on both 
graded-index fibers at 850 nm and 
1300 nm and for measurements on 
single-mode fibers at 1300 nm and 
1550 nm. With graded-index fibers, 
reproducibility of the test results has 
been the subject of much debate since 


Transmitter W 2185 
Co: 


A, = 850 nm 
A, = 1300 nm 


N 
LED 1 


Fiber-optic [ 
converter 
(optional) 


the excitation of cladding modes can 
lead to measurement errors. 


Test result reproducibility can be 
assumed by ensuring that the steady 
state mode power distribution (SMPD) 
exists at the launch end of the fiber 
under test. The literature describes a 
number of ways to suppress cladding 
modes. Fiber-optic transmitter W2185 
employs limited phase space excitation, 
whereby 70% of the fiber end face and 
70% of the numerical aperture are 
illuminated with the aid of a lens system. 


This method has been proposed by Elec- 
tronic Industries Association (EIA) 
study groups, and is referred to as limit- 
ed phase-space (LPS) excitation. 


A different approach is adopted for test- 
ing single-mode fibers. The input end of 
the fiber is excited by an overfilled 
launch. This method, when applied to 
single-mode fibers, ensures that test 
results are reproducible. A functional 
diagram of attenuation test set K1185 is 
shown in Fig.2. The mode of operation 
can be seen from the functional blocks. 


The fiber under test is held in this test 
set by micromanipulators operated man- 
ually in three axes. This facilitates adap- 
tation to unconnectorized fibers also. 


The plug-ins for single-mode fibers pro- 
vide the precision of adjustment appro- 
priate for the more exacting require- 
ments. 


Receiver D 2185 


Copper wire pair 
telephone 


Optical fiber 
(alternative) 


Fig.2 Functional diagram of attenuation test set K1185 
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850 nm multi-mode fibers 

1300 nm multi-mode fibers 

1300 nm single-mode fibers 

1550 nm single-mode fibers 


Fig.3 Functional diagram of reflectometer L2225 


A feature of this test set is that, during 
route measurements, it allows the mea- 
sured values to be transmitted back via a 
voltage-frequency converter, which can 
operate on either copper conductors or 
optical fibers. 


Backscatter measurement 


Unlike the attenuation measurement 
just described which inevitably requires 
access to both ends of the optical fiber, 
the backscatter method allows the pa- 
rameters of the fiber to be measured 
from a single end. A further advantage 
of this test method is that it allows 
not only the attenuation, but also the 
attenuation response to be viewed at any 
point along the fiber. In addition, this is 
the only method by which it is possible 
to determine the electrical or opto-elec- 
trical length of the fiber or its con- 
stituent sections. 


In the backscatter method, a pulse of 
light is launched into the fiber under 
test. There are two types of reflection. 


The (correctly broken) front and end 
faces of each fiber reflect 4% of the inci- 
dent light energy (Fresnel reflection), 
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while the fiber itself reflects only a very tered by each length of the fiber and 
small amount of light due to Rayleigh detected in the measuring equipment is 
scattering. The light energy backscat- proportional to the total light power 
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Fig.4 Reflectometer for rapid measurement of attenuation response in optical fibers, 
featuring easy use with menu-driven operator prompting 
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guided in the length in question. Discon- 
tinuities (e.g. splices) also cause reflec- 
tions in the fiber. Hence, the behavior of 
the reflected signal in the time domain 
yields information regarding the local 
attenuation response of the fiber under 
test. 


The mode of operation of reflectometer 
L2225, including the various plug-ins, 
will be explained using the functional 
diagram in Fig.3. The light pulses are 
generated by a high-power laser. 


By selecting the appropriate plug-ins, 
(Fig.3, left-hand side), the equipment 
can be adapted to suit the various 
wavelengths and either graded-index or 
single-mode fibers. Light is passed via a 
beam splitter to the fiber holder and 
then to the output, which is also the 
input of the reflectometer. 


The backscattered light signal essential 
for the measurement is fed via the beam 
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Attenuation response of a graded-index fiber at 1300 nm; seven splice points can be clearly 


splitter to the detector diode which is 
connected to the amplifier. Acquisition, 
processing and finally display of the 
measured values are carried out in the 
mainframe (Fig. 3, right-hand side). 


A sequence controller coordinates the 
test procedures, i.e. light pulse trigger- 
ing and the subsequent digitization and 
storage of the points on the backscatter- 
ing curve. 


A switchable analog amplifier ensures 
that the signal level is matched to the 
analog-digital converter. 


An important task of the acquisition 
computer is to average the measured 
values. This is necessary because the 
extremely small test signal — particularly 
in the case of very long cables or high 
attenuation — is well below the noise 
level of the relatively broad band 
receiver. Up to 2'° measure values are 
averaged. By varying the number of val- 


ues averaged, the operator can choose 
between a measurement for rapid dis- 
play update or a longer measurement in 
order to obtain more accurate results. 


The processing computer converts the 
digital measured values to a form suit- 
able for display with text and graphics. 
In addition, it allows the user to operate 
the equipment in dialog via the key- 
board (Fig.4), and makes the many and 
varied features of the test equipment 
available in an easily controllable form. 


Fig.5 shows the result of a practical 
measurement on a graded-index fiber at 
1300 nm. Since the display selected in 
this case is linear, the signal level along 
disturbance-free fiber sections appears 
as a straight line. The seven discon- 
tinuities which can be clearly seen are 
splices. 


In the measurement curve shown, the 
loss measured due to the splice between 
the cursors (vertical lines) was found 
to be as = 1.43 dB, once the attenu- 
ation coefficient between the points 
l, = 1.472 km and J, = 2.112 km had 
been measured as ap = 0.60 dB/km. 


The results can be recorded in various 
ways. A built-in printer generates a 
record without any additional equip- 
ment; the screen content can be copied 
via a video output with the aid of a video 
printer. Finally, IEC and V.24 interfaces 
allow the results to be transmitted to a 
remote location, e.g. for further pro- 
cessing. 
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Environmental lesting 
of Fiber-Optic Cables 


Fiber-optic cables are employed in the 
most diverse applications, ranging from 
public telecommunication networks 
through industry to the military field. In 
these applications, extensive demands 
are placed on both the transmission 
and environmental performance of the 
cables. Whereas the purely transmission 
characteristics depend primarily on the 
fiber itself, the environmental perfor- 
mance is mainly influenced by the cable 
design and its manufacturing param- 
eters. In order to optimize the desired 
cable characteristics, environmental 
effects are simulated and more stringent 
tests are carried out both to reveal any 
weak points and to determine the cable’s 
long-term behavior. Based on_ such 
investigations, it is possible to predict 
with a high degree of confidence how a 
fiber-optic cable will perform under 
anticipated operating conditions. 


Dipl.-Ing. Norbert Sutor, 
Siemens AG, 
Communication Cables, 
Munich 


Fiber-optic cables have numerous 
advantages over copper cables, such as 
lightness, flexibility and immunity to 
electromagnetic interference. However, 
their disadvantages include a general 
sensitivity to fiber bending, which can 
lead to increased attenuation, and the 
limited tensile strength of the fibers in the 
long term. In extreme cases, long 
periods of fiber strain can lead to break- 
age due to propagating microdefects. 


When designing the cables, much 
emphasis is therefore placed on compen- 
sating for these disadvantages. This is 
mainly achieved by employing a loose- 
tube design, in which the fiber has some 
freedom of movement inside a tube and 
is therefore decoupled from the actual 
load when the cable is subjected to 
stress. Cable stress can be caused, for 
instance, by temperature changes during 
transport or operation and while the 


cable is being installed. Whereas con- 
traction forces occur at temperatures 
below room temperature, tensile forces 
develop during cable laying. 


Apart from these normal loadings, addi- 
tional mechanical stress in the form of 
lateral forces, pressure, bending, torsion 
and vibration may also occur. Cables are 
also subject to other stresses due, for 
example, to thermal and_ chemical 
effects. Fig. 1 shows a pole-suspended 
aerial cable under winter conditions. 


In order to assess all these environmen- 
tal influences, a series of tests is carried 
out in accordance with internal company 
specifications, or to national or interna- 
tional standards [1]. These tests are used 
to monitor changes in transmission per- 
formance and material characteristics as 
well as mechanical damage. The most 
important tests are described below. 


Fig.1 Pole-suspended aerial cable under wintry conditions of snow, ice, wind and cold 
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Fig. 2 


Temperature cycling test 


In order to determine how the cable 
characteristics are affected by tempera- 
ture variations, changes in the attenua- 
tion of single-mode and multimode 
fibers are measured at various 
wavelengths in response to temperature 
cycles. For this purpose, the cable on the 
delivery drum is placed in a temperature 
chamber (Fig. 2) and both ends are con- 
nected to a multiple attenuation test set 
(up to 15 fibers). Stability requirements 
are very Stringent; for example, the 
attenuation must not vary by more than 
0.03 dB over a period of several weeks. 
This is achieved by an extremely stable 
coupling arrangement and a short refer- 
ence fiber which is used to correct the 
intensity of the injected light. 


The complete test set is computer-con- 
trolled. A defined temperature profile 
consisting of the limit temperatures, the 
times that they are effective, the rate of 
change of temperature and the number 
of cycles is fed into the computer in 
dialog mode. At preset intervals, the 
changes in fiber attenuation are scanned 
and stored, and the intermediate results 
are displayed on the screen. The data 
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Temperature cycling test for a fiber-optic cable in a temperature chamber 


are analyzed by the computer and an 
associated printer or plotter records the 
temperature and attenuation changes as 
a function of time, together with the 
attenuation changes as a function of 
temperature (Fig. 3). In addition, the 
maximum attenuation changes for the 
fibers under test at preselected tempera- 
tures are printed out numerically. 


In the normal temperature range up to 
about +70°C, the forces due to thermal 
expansion are negligible compared with 
the tensile forces caused by pulling in, 
since no increases in attenuation occur 
at these temperatures. Thermal charac- 
teristics are mainly influenced by shrink- 
age of the sheathing materials, by the 
strength members used and by the 
fiber’s freedom of movement within the 
cable structure. 


Tensile test 


The tensile characteristics can be deter- 
mined using a tensile testing apparatus 
(Fig. 4). This consists of a cable holder 
for a gauge length of up 6X22 m, the 
pulling machine itself, a cable strain 
gauge, a multiple attenuation test set for 
up to 15 fibers and a fiber strain measur- 
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Fig.3 Temperature test record 
of a fiber bundle or cable 


a Temperature (7) and attenuation change (Aq) 
as a function of time (f) 

b Attenuation change (Aq) as a function 
of temperature (T) 


ing system. The cable is attached to two 
fixed rollers with the aid of several loops 
and the ends are connected to the 
attenuation test set. Job data and test 
parameters such as tensile force, strain 
rate, measurement wavelengths (up to 
four) and fiber designations are all en- 
tered manually into the fully computer- 
ized test setup. 


In order to determine the fiber strain 
(€-) as a function of the cable strain or 
tensile force, the fiber under test 1s con- 
nected to a pulse delay test set and the 
pulse shift as a function of the tensile 
force is ascertained using an oscillo- 
scope. The fiber strain is given by 
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where: 

€r _ fiber strain 

Al fiber elongation 

/ fiber length pulled in the 
testing machine 

At delay difference between pulses 

n average refractive index 

change in refractive index 

caused by tensile stress 

c velocity of light in a vacuum 

k proportionality factor [2, 3]. 


When the tensile test equipment is 
started up, the tensile force, cable 
strain, fiber strain and the attenuation 
changes are recorded by the computer in 
preselected steps at the desired 
wavelength. The fiber exhibiting the 
largest increase in attenuation is dis- 
played on the screen. All the data can be 
output as graphs on a printer or plotter. 


A typical tensile test record for loosely- 
buffered cable is shown in Fig. 5. It can 
be clearly seen that, when the fiber 
begins to elongate from about 3000 N, 
the attenuation also increases. Since the 
attenuation changes are reversible, they 
return to zero when the stress is 
removed. The cable shown here is 
designed for a tensile force of 3000 N. 


Determining the operating range 


A combined graph generated from the 
results of the tensile and temperature 
tests shows the actual operating range of 
the cable (Fig. 6). Here, the contraction 
values are taken from the temperature 
cycling curve for the temperature range 
below room temperature, and the values 
for the elongation range are taken from 
the tensile force test. This plot gives the 
operating window for a given permis- 
sible change in attenuation over the par- 
ticular temperature range. 


Fig. 6 shows the operating ranges of two 
cables with fundamentally different 
design principles and _ applications. 


Cable a is an outdoor cable of stranded 
unit construction in which the fibers are 
enclosed in a plastic tube [4]. This al- 
lows the fibers some freedom of move- 
ment when the cable expands and con- 
tracts and thus provides a wide operat- 
ing window. Design b, on the other 
hand, exhibits different characteristics, 
being an indoor cable without a strength 
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Fig.4 Principle of the tensile test equipment used to determine the tensile characteristics 


of a fiber-optic cable 


member and containing a single, tightly- 
buffered fiber with no significant free- 
dom of movement. It is possible to shift 
the operating range by designing and 
manufacturing for higher _ tensile 
strength or for lower temperatures. 
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Additional environmental tests 


Thermal tests 


In addition to the temperature cycling 
tests, more stringent aging tests at high 
temperatures and humidity (e.g. 70°C 
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Fig.5 Stress test record for a multifiber cable 
exhibiting attenuation change (Ac ) 

and cable or fiber strain (€, or €,) 

as a function of the tensile force (F) 
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Fig.6 Operating range of fiber-optic cables. 
Type “a” is an outdoor cable of stranded unit con- 
struction in which the fibers are accommodated 

in a plastic tube; type “b” is an indoor cable 

with a tightly-buffered fiber having no significant 
freedom of movement 


and 90% relative humidity) are carried 
out over a long period (six months) in 
order to determine the cable life. These 
tests are used to detect weak points in 
the transmission characteristic and any 
changes in the cable materials over time. 


Exceptional environmental effects and 
safety requirements are involved in the 
case of fire. This applies particularly to 
indoor cables, but also to special cables 
for marine and aviation use. In order to 
check the relevant characteristics, flame 
tests are carried out to various standards 
(Fig. 7). In these tests, the nature of the 
smoke, smoke generation and the self- 
extinguishing properties of the cable are 
checked using a specified test flame and 
flame exposure time. 
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Fig.7 Flame testing a fiber-optic cable 


Mechanical tests 


Submarine cables are subjected to high- 
pressure stresses. In order to investigate 
their effects, the fiber-optic cable 1s 
pressurized in a special water-filled 
chamber and the attenuation change as a 
function of pressure is recorded using an 
optical time-domain reflectometer. 


Cables undergo exceptional and mainly 
localized stress when run over by vehi- 
cles or crushed in other ways. In order to 
assess its crush resistance, the cable is 
pressed between two parallel plates and 
the change in attenuation is measured 
(test per IEC46E, Method IECXXE3). 
Two stress limits are defined: 

e astress A, up to which no changes in 
attenuation occur and 


lites 


e astress B up to which the attenuation 
changes are completely reversible when 
the stress is removed. 


In mobile applications and for cables in 
non-fixed equipment, stringent require- 
ments are placed on flex resistance. 
These characteristics can be checked 
with suitable test equipment in accord- 
ance with IEC46, Method IECXXE 6. 
In this method, the cable is clamped 
between two jaws and repeatedly bent 
through an angle of +90° (Fig. 8). The 
test parameters bending radius and test 
weight are a function of the cable diame- 
ter. The number of flexure cycles until 
fiber fracture is recorded. Some test 
results for selected cable designs are 
shown in the Table. 
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Fig.8 Test equipment for determining the flex 
resistance of a fiber-optic cable 


Impact stresses (e. g. due to falling tools, 
stones etc.) can occur during installation 
Or Operation and cause troublesome 
deformations due to their impact energy. 
The resistance of the cable to such 
stresses can be determined with the im- 


Cable characteristics 


Number of fibers 
Cable diameter (mm) 
Maximum Continuous (N) 
permissible stress 
Intermittent (N) 
Lateral force Aa=0 (N/cm) 
Aa = reversible (N/cm) 
Impact strength Impact energy (Nm) 
Impacts to 
fiber fracture 
Smallest permissible bending radius (mm) 
Flex resistance Radius (mm) 
Weight (N) 
Cycles to 
fiber fracture 
Temperature range (©) 


Table Characteristics of a few selected cable designs 
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pact strength test equipment, as specified 
in IEC46E, Method IECXXE 4. In this 
setup, the hammer weight as well as the 
height of the drop and consequently the 
impact energy can be varied. The test 
criterion is the number of impacts neces- 
sary to cause fiber fracture. Some results 
obtained using this test method are 
likewise included in the Table. 


Vibration stress can occur near transport 
routes or on aerial cables. To check its 
vibration characteristics, the optical 
cable is subjected to vibrations of vari- 
ous amplitudes and frequencies and its 
transmission performance 1s measured 
as a function of the number of oscilla- 
tions. 


Chemical tests 


In practical applications, cables are 
exposed to a wide range of chemicals, 
such as oils, alkalies and acids. In order 
to test their resistance to these effects, 
short samples of cable are placed in the 
various media and changes in the mate- 
rial characteristics are measured as a 
function of time. 


Indoor cable Outdoor cable 
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Other environmental tests 


Cable damage due to rodents frequently 
causes transmission __ disturbances. 
Rodent-proof cables are therefore used 
in severely affected areas. In order to 
determine its resistance to rodent 
attack, the cable under test is used as the 
exit barrier of a cage containing rodents. 


High-voltage stress can occur in areas 
prone to lightning strikes and in power 
distribution areas. Test are carried out 
to determine the leakage current 
behavior as well as the dielectric 
strength and flashover resistance. 


Conclusion 


Based on the results of the above men- 
tioned environmental and field tests, 
and on experience gained from com- 
pleted projects [5, 6], it is now possible 
to offer a mature product range of opti- 
cal cables using single-mode and mul- 
timode fibers. Cables of loose-tube 
design have acquired particular impor- 
tance, as this method of construction 
allows the fibers to remain largely stress- 
free throughout the operating range. A 
long operating life is thus reliably 
guaranteed. 
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Quality Assurance of Active 
Fiber-Optic Components 
Exempiitied by a lransmitter Module 


Active optoelectronic transducers are of 
great importance, since they represent 
the link between conventional electronic 
information processing and modern 
optical communication systems. As 
such, they are understandably subject to 
exacting quality requirements. Apart 
from quality at the time of delivery, the 
electronic components are expected by 
the user to provide high reliability, i.e. 
to retain their quality over an extended 
period of time. How Siemens maintains 
the continual advance of innovative 
fiber-optic technology and the required 
standard of technical quality by applying 
quality assurance from the very start of 
component development is shown in this 
article, by reference to a transmitter 
module. 


Dipl.-Ing. Wilhelm Kraus, 

Dr. rer. nat. Gerhard Kuhn and 
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The modular concept 


The semiconductor laser, used here as 
an example, is of modular design (Fig. 1) 
in which the individual components are 
linked in interacting thermal, electrical 
and optical control loops. Starting with 
the concept phase, every single compo- 
nent must be selected, examined and 
tested with regard to its long-term relia- 
bility within its control system. This is 
carried out under the assumed future 
operating conditions. With the results 
thus obtained (failure probabilities), it is 
possible to predict the overall reliability 
of the module. 


Since it is important in telecommunica- 
tions to minimize transmission network 
outages, the first step is to investigate 
the long-term behavior of the individual 
components and, as soon as possible, of 
the modules themselves. On transfer of 


the module from development to pro- 
duction and during volume production, 
the quality of both the product and the 
manufacturing process is continuously 
checked for uniformity and _ possible 
quality optimization. 


The data collected from development, 
long-term testing and volume produc- 
tion are analyzed statistically to provide 
increasing accuracy in the documenta- 
tion and prediction of both the quality 
and reliability of the product during its 
service life. 


Test requirements 


The measurements performed on every 
laser module provide an_ individual 
characterization of the component. 
Documentation of the measured values 
furnishes the customer with important 
information for integrating the module 


Fig.1 Laser module SFH 4330/4430 with monitor diode, laser diode, connected pigtail 
and thermistor (from left), together with Peltier cooler (on case) 
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Fig.2 Measurement of static module parameters during production 


into his system. In addition to the data 
obtained from this test sequence, the 
final test serves in particular to verify the 
quality and reliability of every module. 
The test sequence itself is subdivided as 
follows: 


e measurement of static laser diode and 
module parameters (Fig. 2), 


e test of mechanical stability, 

e reliability test, 

e dynamic parameter measurement and 
e generation of test record. 


Static laser diode and module parameters 


The exacting test requirements result 
from the characteristics of semiconduc- 
tor laser diodes. It can be clearly seen 
from the characteristic curve in Fig.3 
that the parameters current, optical 
power and temperature must be con- 
trolled or measured as accurately as pos- 
sible. Setting and control inaccuracies 
must be less than 1% in order to specify 
module reliability. This requirement 
applies particularly to the long-term sta- 
bility of the test sets. 


By measuring the characteristic curves 
at various temperatures under dc and 
pulse conditions, it is possible to deter- 


mine the thermal resistance between the 
active region in the semiconductor and 
the inner or outer heat sink of the 
module. From this, valuable conclusions 
can be drawn regarding the quality of 
the laser diode soldering or module 
assembly. 


Similarly, by exactly measuring the 
slope of the characteristic curve at vari- 


Fiber power . 


Fig.4 Lasing spectrum for an 880-nm laser module 
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Optical power ®, 
15 


Forward current I; ———> 


I,, Threshold current of laser diode 


Fig.3  Light/current characteristics of laser diodes 
at T, = 25°C and T, = 60°C 


ous temperatures, it is possible to ascer- 
tain the mechanical stability of the mod- 
ule. This method is especially powerful 
for modules containing a single-mode 
fiber, since changes of even a few tenths 
of a micrometer in the fiber position 
produce detectable changes in the laser- 
to-fiber coupling. 


Both the quality of the laser diode and 
of the coupling to the fiber can be deter- 
mined by measuring the spectral dis- 
tribution of the light in the fiber. 
Depending on the application, this mea- 
surement is performed either in the dc 
range or with modulated light. Fig.4 
shows a lasing spectrum measured on a 
multimode fiber. Here, the resolution 
achievable with the measuring instru- 
ment (monochromator) is particularly 
important, as is mechanical and thermal 
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stability during the measurement. Faults 
in the laser diode or laser mirror can be 
eliminated by analyzing the structure of 
a mode or of the mode spacing. 


Mechanical stability 


The demands on the mechanical stability 
of the module design are particularly 


Modulated 
light signal 
for spectrum 
analyzer 


Fig.5 Principle of linearity measurement 


1 nsec/div 
Fig.6 Laser module pulse response measurement 


324 


severe for modules containing single- 
mode fibers. There must be no irrevers- 
ible or reversible fiber movement over 
the entire operating and storage temper- 
ature range. Various tests are included 
in the test sequence to meet this require- 
ment and ensure stable module opera- 
tion in the system. Each module is mea- 


Laser (pigtail) 
characteristic 


Modulating current at 
~—— frequency fp from 


Ie (Py)ew sineé-Wwave generator 


Current 
through 
laser diode 


Optical 
power 
2. mW (laser) 


sured at a minimum of two different 
temperatures in order to detect process- 
es which change reversibly with temper- 
ature. By rapidly cycling the tempera- 
ture of the module without operating the 
laser, it is possible to observe irrevers- 
ible changes in the laser-to-fiber coupl- 
ing. Five cycles are carried out, each 
consisting of 2 hours at —5°C (7,) and 7 
hours at 70°C (75). Stability 1s verified 
by measuring the characteristic curve 
before and after the complete tempera- 
ture cycle. 


Reliability and life 


In order to detect possible aging, each 
laser diode (A = 880 nm, GaAs) is oper- 
ated and continuously monitored under 
extreme conditions over a period of 14 
days before installation in a module. 
Burn-in is performed at an ambient 
temperature of 90°C with the laser diode 
operated at an optical power of 5 mW 
per mirror. The setup is so arranged that 
the entire light from one mirror is 
detected by a large-area photodiode. A 
control circuit regulates the forward cur- 
rent of each laser diode so as to maintain 
a constant optical power of 5 mW inci- 
dent on the photodiode. 


The control circuit compensates for 
aging in the laser diode by increasing the 
current, which in turn accelerates the 
aging process. This method allows pre- 
maturely degrading laser diodes to be de- 
tected and rejected with a high degree of 
certainty. Laser diodes in the 1300-nm 
wavelength range (InGaAsP/InP) are 
checked by a high stress test. Each diode 
is subjected to J; = 150 mA at T = 80°C 
for over 100 hours. Due to the thermal 
resistance between the active laser stripe 
and the heat sink, the active region 
operates at T= 110°C. 


In addition, before the module is deliv- 
ered to the customer, all the compo- 
nents in the module are subjected to a 
final test under operating conditions. 
This test lasts at least 48 hours. 


Dynamic measurements 


Measuring the dynamic parameters 
serves to characterize the modules or to 
determine their suitability for use in the 
various systems. Requirements or test 
conditions depend primarily on whether 
the module is to be used in an analog or 
a digital system. In the case of analog 
systems, the customer is interested in 
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(Intermediate measurements 
after 168, 500, 1000, 2000, 5000 h) 


> 


Receiving 
test on 
characteristic 
curve, 
dynamic 
parameters, 
lasing 
spectrum 


»> 


Vibration 
(stepped test) 
IEC 68-2-6 Fe 


Tensile strength of opti- 
cal connection (step- 
ped test) IEC 68-2-21Ua 


Mechanical shock 
(stepped test) 
IEC 68-2-27 Ea 


Resonance 
IEC 68-2-6 Fa 


Receiving Tensile strength Flex strength 
test on case of electrical of the electrical Case analysis 
(visual connection connection 
inspection) IEC 68-2-21Ua1 IEC 68-2-21 Ua 1 
Wipe resistance 
© 
eae Aging > Initial measurement 
1 Mechanical stress 
ES Climatic stress 
[5 - Thermal stress > Final measurement 


Fig.7 Test program for laser modules 


the linearity of the optical power in 
response to modulation about the 
operating point. For this purpose, a pure 
sine wave with the required amplitude is 
superimposed on a constant forward 
current through the laser diode (Fig. 5). 
The light contained in the fiber is 
detected by a photodiode whose electri- 
cal output is broken down into its spec- 
tral components by a spectrum analyzer. 
The linearity is found from the attenua- 
tion of the harmonics relative to the fun- 
damental. Frequency response and sig- 
nal-to-noise ratio measurements are 
important module parameters for both 
analog and digital applications. Rise and 
fall times of the optical signal, as well as 
the exact structure of the leading and 


trailing edges, are of particular interest 
for digital systems. Fig.6 shows the 
results of such a measurement. 


Customer record 


The wide range of measurements for the 
various laser module applications 
requires extensive documentation. The 
customer receives a record for each 
module, containing individual data and 
documentation of all the measurements 
performed. In addition, this record con- 
tains information on the dependence of 
fiber light on the forward current 
through the laser diode, together with 
the dependence of the monitor diode 
current on fiber light. It also includes a 
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OVVY 


copy of the spectral distribution of the 
fiber light. 


Qualification as the first step 
toward volume production 


Once the basic parameters required for 
adequately characterizing the laser mod- 
ule have been fixed, the validity and 
repeatability of this provisional 
framework is checked in the qualifica- 
tion stage. Qualification of a highly pro- 
fessional component is not, however, 
the last hurdle before volume produc- 
tion, as is the case with mass-produced 
items in, for example, the entertainment 
industry. Qualification starts with the 
first prototypes, or even with the indi- 
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Fig. 8 Aging behavior of laser diode under accelerated test conditions. The percentage increase 
in threshold current for a constant optical output power provides the main aging indicator 


vidual components of these first pro- 
totypes. 


It is precisely in the early phases of a 
development that close contact between 
develoment departments and the qualifi- 
cation team is the most effective, since 
any change to improve the quality of a 
component at this stage does not have a 
major impact on cost. As the develop- 
ment advances and hence the complex- 
ity of the emerging unit increases, the 
risks to the timetable and costs caused 
by a change in the project grow dispro- 
portionately. The laser module chosen 
here as an example was subdivided into 
the following components during the 
prequalification phase: 


e central component, source diode, 

@ monitoring component, monitor 
diode, 

e transmission component, fiber, 

e® control components for temperature 
control and 


e mechanical design, supporting parts, 
case. 


Subdividing the module in this way 
entails both advantages and disadvan- 
tages. On the one hand, a test series can 
be started with the first complete sub- 
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modules without having to wait for 
unfinished components of the overall 
system. In addition, it is easier to 
analyze the behavior of the submodule 
in isolation. On the other hand, many 
subunits cannot be tested completely in 
isolation. Moreover, this approach does 
not take account of either the climatic 
environment or the mechanical and elec- 
trical interactions of the individual com- 
ponents. 


The advantages and disadvantages dur- 
ing the prequalification phase are 
detailed in the following, using the laser 
diode as an example of a subunit. 


Since the laser diode is designed for 
mounting in a hermetically sealed mod- 
ule case, the individual components do 
not have any protection against climatic 
and mechanical influences. However, in 
order to prevent this from falsifying the 
test results, two approaches were taken: 


e Handling, testing and measurement 
of the basic chip on the heat sink is 
restricted to a clean room atmosphere. 


In this environment, which is 10,000 
times cleaner than the normal, the 
danger of particles being deposited on 
the approximately 6-ym/ light-emitting 


zone is considerably reduced. Electrical 
tests can be performed unhindered since 
the components are accessible from all 
sides. It is thus possible to estimate the 
measurement costs (special fixtures). 


e The basic chip is then mounted 
together with the monitor diode and 
NTC thermistor in a laser case and her- 
metically sealed. This approach not only 
eliminates dependence on the clean 
room environment, it also simplifies 
handling and measurement as well as 
permitting the whole spectrum of 
mechanical and thermal tests to be car- 
ried out. In addition, since the construc- 
tion is similar to that of the final prod- 
uct, it is possible even at this stage to 
form initial qualitative conclusions 
regarding the final characteristis. 
Nevertheless, the optical parameters 
spectrum and far field, cannot be deter- 
mined in this test arrangement. 


Both approaches are necessary. They 
each make an important contribution 
which, together with the other results 
from the prequalification phase, helps to 
establish the basic requirements for 
module qualification and — what is more 
important — to validate the reasoning 
behind the qualification assessment. 


Based on these results and the require- 
ments of the application, a test grid con- 
sisting of four basic blocks was devel- 
oped as shown by the different colors in 
Fig. 7: 


e mechanical stress, 

e thermal stress, 

e climatic stress and 

e long-term operation. 


Long-term operating behavior is the 
most important factor to be considered 
during new developments. The results 
from this largely determine the failure 
behavior of the module — the FIT rate. 
This parameter describes the number of 
failures which can be expected in period 
of 10’ hours: 


FIT rate = 10 a7". 


1 
MTTE 


The MTTF is the mean time to failure of 
a component. For the threshold current 
plotted in Fig.8, the failure criterion is 
defined as a rise to 150% of its initial 
value. Raising the temperature shortens 
the test period by a factor of 50. After 
50 x 10,000 hours, increases of <15% 
are measurable in the threshold current. 
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It is thus necessary to make an exponen- 
tial extrapolation to the time when the 
failure criterion is reached. The test con- 


Visual, mechanical, electrical and optical ditions allow FIT rates of less than 1000 
test of delivered module components to be extrapolated for the three different 
850-nm laser diode batches. These val- 


ues must be verified from the behavior 
of the modules during qualification. 


Visualinspecton = | = = Within the other basic blocks, the condi- 

. tions for the individual tests are selected 
Gs = *. 2 i in such a way that they meet the IEC 
and MIL-STD requirements; some tests 
actually far exceed these requirements. 
Know-how is, however, required not 
only in selecting the tests and setting the 
conditions, but also in appropriately 
linking serial and parallel series of tests. 
It is then possible to systematically trace 
and clearly isolate failure modes, which 
is vital in identifying points for improve- 
ments and developing effective screen- 
ing procedures for production. 


Visual inspection > 


Production monitoring — 
the basis for high-quality fabrication 


Visual inspection 


The need for a smooth, stable produc- 
tion flow is reflected in the provision of 
inspection steps along the production 
line for the purpose not merely of moni- 
toring, but primarily of controlling the 
production process. Controlled produc- 
tion, designed as a self-adjusting control 
system, implies the existence of specific 
instructions on the execution and assess- 
ment of individual operations, on test 
and inspection requirements as well as 
on corrective action required in the 


ee event of nonconformance. 
These instructions start with the receiv- 


ing inspection applied to the individual 
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Fig.9 Simplified flow chart for laser module production T Thermistor 
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Fig.10 The test department flow for laser module production allows optimization of module stability 
and delivery of units tailored to customer specifications 
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components and cover the in-process 
inspections performed after each suc- 
ceeding production step (Fig.9). The 
Quality Assurance department monitors 
these inspection operations and is also 
directly involved in the critical produc- 
tion stages. For example, at the end of 
the assembly line, personnel from the 
Quality Assurance department visually 
inspect all components before the mod- 
ules are sealed. During this inspection 
step, the insides of the modules are 
assessed under a microscope against a 
20-point list. Only modules which pass 
this stringent check are released for fur- 
ther processing. 


Apart from the visual inspection, electri- 
cal and optical measurements provide an 
important screening function in a very 
early phase of the manufacturing pro- 
cess. The laser diodes will have passed 
through both types of measurement 
before they are mounted on chip car- 
riers. 


After being mounted on the carriers, the 
diodes are subjected to a stringent 
screening process. This burn-in is per- 
formed at 90°C ambient temperature 
under operating conditions (5 mW per 
mirror) and lasts for 336 hours in the case 
of the 850-nm diode, for example. In 
the subsequent test, only those lasers 
which do not show any parameter 
changes within the measurement accu- 
racy are used for further assembly. This 
approach prevents time and money 
being spent on assembling components 
which sooner or later turn out to be 
inferior. This not only increases the end 
yield during production, but also elimi- 
nates the risk of early failures among the 
components at the start of their service 
hie. 


The finished product is subjected to a 
stringent final test using the same rigor- 
ous approach applied to the individual 
components. This consists of thermal 
stress, burn-in and specific intermediate 
and final measurements. Fig. 10 shows a 
detailed breakdown of the final test. A 
similar test department flow chart is also 
incorporated in a few key areas of the 
minimal expert system developed to 
analyze the electrical and optical mea- 
surements. 


All measurements are carried out under 
computer control. This allows detailed 
description of the measured unit. Based 
on these data, the expert system is not 
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only able to discriminate between 
“good” and “bad” units, it can also spec- 
ify further procedures in order to con- 
firm or deny the stability of the tested 
modules. In addition, it can even select 
modules according to customer require- 
ments. The entire process reduces 
human involvement to purely manual 
operations, such as filling test fixtures, 
changing data storage media and so on. 


The Quality Assurance department 
(QA) possesses an identical system 
(hardware and software) and is thus able 
to perform measurement checks inde- 
pendently of the factory. This depart- 
ment periodically samples the finished 
modules and subjects them once again to 
a prescribed series of tests and measure- 
ments, in order to make an objective 
assessment of the production line and its 
measuring equipment. This QA system 
is requested by the customer because of 
its independence, and is employed par- 
ticularly to repeat measurements during 
acceptance testing. 


The production and QA systems are 
similarly subjected to regular reference 
measurements to ensure that they are 
accurate, calibrated and agree. The 
results are documented to provide veriti- 
cation. 


Feedback: 
quality as the controlled variable 


Just as individual process steps are con- 
trolled and stabilized by inspection oper- 
ations in the assembly and test depart- 
ments as previously described, the con- 
trol loop established between produc- 
tion and quality assurance also provides 
continuous optimization of the complete 
production line and thus of the product 
itself. 


Data collected during production are 
statistically evaluated by the QA depart- 
ment and checked for conformance with 
the specified nominal values. This pre- 
vents assembly and test quality from 
slowly deteriorating and negative trends 
from developing in the product parame- 
ters of the finished units. In addition, 
the processed data provide the Produc- 
tion and Development departments with 
the basic input for optimizing the 
product. 


Resulting improvements are checked for 
suitability by the QA department and, 
when released, flow back into the manu- 
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Fig.11 The Quality Assurance (QA) department is a focal point for the exchange of information 


between Development, Production and user 


facturing process, thus completing the 
product-optimization control loop. 


Another source of improvement are 
field data. With such a highly innovative 
product, this can only be obtained 
through close contact with the user as 
demonstrated in Fig.11. The most strin- 
gent test of the effectiveness and useful- 
ness of quality optimization measures is 
practical operation. Hence, the respon- 
sibility of the QA department does not 
end with dispatch of the components. 
On the contrary, this department is the 
focal point for after-sales experience fed 
back from the user. 


Personal discussion, for instance, en- 
ables information to be exchanged about 
the long-term behavior of the laser mod- 
ules and details to be obtained from the 
customer about the circumstances of a 
failure, in order to improve analysis of 
the returned device. The results of these 
analyses are passed through the Devel- 
opment department to the production 
line, and are also passed to the customer 
to assist him in making best use of the 
modules. 


In addition, continuously updated 
documentation gives the customer an 
insight into the quality of the current 
manufacturing process. 


Application-oriented component re- 
quirements defined in the user specifica- 
tion are taken into account in the tests 
and measurements employed. New ap- 
plications for fiber-optic components are 
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discussed and provide the starting point 
for improvements and new develop- 
ments. 


Future prospects 


In order to bring new developments into 
volume production in the shortest possi- 
ble time, particularly in the rapidly 
advancing fiber-optic field, it is vital to 
apply quality thinking from the very out- 
set. The conventionally structured areas 
of development, quality assurance, pro- 
duction and marketing will merge to- 
gether far more than is the case today. 
Just as the development engineer now 
relies on software support, the QA area 
will also obtain valuable support from 
CAQ (computer-aided quality) for theo- 
retical analysis and prediction of reliabil- 
ity in planned systems. A more tightly- 
knit network of computers will enable 
the control loops in production to be 
monitored more effectively and any 
faults to be corrected more rapidly. 


Long-term monitoring of product and 
production line quality under standar- 
dized and independently controlled con- 
ditions will be essential for competitive 
production. The standards required for 
this purpose are being established by the 
CENELEC Electronic Components 
Committee (CECC) as a quality confir- 
mation system for electronic compo- 
nents. With the planned CECC approval 
of its fiber-optic production lines, 
Siemens is on the road to the future. 
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series of telcom report Specials dealing 
with radio communication. Cellular radio 
networks now in operation, and capable of 
handling several hundred thousand mobile 
users, represent a significant expansion of 
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comfort. Authored by Siemens’ experts, 
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lular radio technology realized in the C450 
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Topics: 


— Design of cellular networks 

— Cellular service in urban areas 
— Relative distance measurement 
— Radio transmission 

— Signaling transmission 

— Mobile station accessibility 

— Handoff procedures 

— Call processing functions 

— Network synchronism 

— Software functions 

- O&M 

— Safeguarding 

— Base station design 

~— Mobile station design 


Mobile Communication 

Order No. A19100-L523-V854-X-7600 
ISBN 3-8009-3854-5 

Suggested retail price: DM 26 


330 


The second telcom report Special on topics 
from the field of radio communication, 
“Components for HF Networks,” 
describes the technologies and compo- 
nents in modern HF radio networks. 
Because of the considerable progress 
brought about by new _ technologies, 
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increasingly regaining importance. “Com- 
ponents for HF Networks” portrays the 
state-of-the-art of such networks. 
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com report Special on radio communica- 
tion topics, examines the many aspects of 
transmission in satellite systems. Follow- 
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networks, “Satellite Communication” 
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Summaries 


Keil, H.; Pascher, H. SIEMENS 
Development Trends in Telecommunication Transmission 


2 figures 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 5 to 8 


Telecommunication transmission continues to experience uninter- 
rupted rapid development. The pacemaking functions is provided by 
digital technology and optical communication. The status and future 
prospects of optical cable technology as well as system and equipment 
technology are reviewed in this article. 


Descriptors: optical communication; optical waveguide; digital signal 
transmission; multiplex technology; line equipment; availability; 
reliability 


Fink, G.; Schubert, W.; Wolf, E. 
Present and Future Market 

for Telecommunication Transmission Systems 
7 figures, 1 table 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 9 to 14 


Telecommunication transmission is now at the start of a new epoch. 
The ISDN, as an integrated communication network with which 
speech, text, pictures and data can be transmitted via a common line, 
has now been internationally standardized. Thus, with microelectronics 
and “digital” communication systems, the stage has been set for a leap 
in innovation of a magnitude not previously seen. 


Descriptors: PCM system; digital local networks; fiber-optic technol- 
ogy; digital transmission networks 


Grajes, K-H.; Schmidtke, M. SIEMENS 
Manufacturing Transmission Systems for the World Market 
7 figures, 2 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission”, pp. 14 to 19 


Quality, delivery dependability and product costs are parameters which 
play a crucial role in the success or failure of a product on the world 
market and which are affected to a large extent by the manufacturing 
process. This article describes how Siemens is responding to this triple 
challenge at its Berlin Transmission Systems Plant. 


Descriptors: manufacture; production planning and control system; 
flexible manufacturing system; CIM (computer integrated manufac- 
ture); coil manufacture; subassembly manufacture; fully automatic test 
station; quality assurance 


Fuller, J.; Weis, G. SIEMENS 
Installation Structures for Transmission Equipment and Systems 


9 figures, 3 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission” pp. 20 to 27 


Vertical style 7R construction system was developed largely by 
Siemens and, although introduced at the end of the sixties, it still meets 
in an optimal way all the demands place on an up-to-date and univer- 
sally applicable mounting system. This well-proven mounting system 
forms the basis for the mechanical design of modern telecommunica- 
tion transmission systems employing radio relay and satellite links, as 
well as line transmission systems using copper and fiber-optic cables. 


Descriptors: style 7R construction system; installation structure; design 
basis; station; rack row; rack; equipment inset; plug-in 


Pliigge, H.; Pospischil, R. SIEMENS 


Fundamental Aspects of Digital Transmission 
1 figure, 1 table, 4 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 29 to 30 


In the last fifteen years, digital transmission has progressed from its 
initial application in short-haul links and is now employed at all levels 
of the transmission network. This development has largely been due 
to the tremendous advances in semiconductor technology made over 
the period. The multiplex hierarchy and interface conventions for digi- 
tal transmission are described. 


Descriptors: digital transmission; multiplex hierarchy; hierarchy level; 
frequency-division multiplexing; wavelength-division multiplexing; 
time-division multiplexing; digital multiplexing; multiplex level 


Ey, K.; Gunther, W.; Schmitz, G. SIEMENS 


PCM30G System Unit with Signaling Converters 
2 figures, 6 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 31 to 35 


With the introduction of digital exchanges, the PCM30G system per- 
forms an interfacing role between the existing “analog” network and 
the “digital” network. Throughout the world there are a great variety 
of interface requirements with respect to signaling (signaling conver- 
sion) and voice transmission, depending on the switching system 
employed and the level of the telephone network. This article describes 
how these high demands on the system flexibility are met by the use of 
microprocessors and large-scale integrated circuits. 


Descriptors: PCM (pulse code modulation); PCM30_ systems; 
PCM30G; PCM30F; time-division multiplex equipment; signaling 
converters 


Ehricke, C. SIEMENS 
Signaling Converters for Processing Switching Signals 

6 figures, 1 table, 14 references 

telcom report 10 (1987) 

Special “Multiplexing and Line Transmission,” pp. 36 to 42 

The digitization of transmission networks and the introduction of digi- 
tal switching systems require a wide range of measures to ensure com- 
patibility with existing analog systems. Signaling converters are an 
important link. This article deals with interface problems, signaling 
frames, the signaling scheme, as well as methods of matching and 
operating the signaling converters. 

Descriptors: digitization; analog systems; matching; signaling con- 
verter; signaling scheme; channel unit; interface; compatibility; signal- 
ing frame; software 


Krohn, M.; Muller, H. SIEMENS 
Multiplexing and Branching of Telephone and Data Signals 
Digital multiplex unit DSMX64K/2F (CRC4) and branching unit 
AZG64K/2F 

7 figures, 2 tables, 5 references 

telcom report 10 (1987) 

Special “Multiplexing and Line Transmission,” pp. 43 to 50 

Digital multiplex unit DSMX64K/2F (CRC4) is designed to combine 
up to 31 synchronous 64-kbit/s signals to form a 2048-kbit/s signal. 


Channels can be branched and inserted economically by coupling two 
units or by using branching unit AZG64K/2F. 


Descriptors: digital multiplex unit DSMX64K/2F (CRC4); digital 
branching unit AZG64K/2F; time-division multiplex signal; CRC4 pro- 
cedure; cyclic redundancy check 


Koffler, H.; Koob, E. 
Digital Multiplex Units for 8 and 34 Mbit/s 
6 figures, 3 tables, 3 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 50 to 55 


Based on the 2-Mbit/s digital signal, 8- and 34-Mbit/s signals, and in 
turn 140- and 565-Mbit/s signals, are produced in the digital multiplex 
units (DSMX) to link successive multiplex levels. With the DSMX 2/34 
it is now possible to skip one multiplex level: by incorporating the 
8-Mbit/s level, this unit can combine sixteen 2-Mbit/s signals to form a 
34-Mbit/s signal. In this article the authors discuss the conceptual, func- 
tional and mechanical design of the digital multiplex units, DSMX 2/8, 
DSMX 8/34 and DSMX 2/34. 


Descriptors: digital transmission; time-division multiplex technique; 
multiplex hierarchy; digital multiplex unit (DSMX); DSMX 2/8; 
DSMX 8/34; DSMX 2/34 


SIEMENS 


Gasser, K.; Mager, J. SIEMENS 


Digital Multiplex Units for 140 and 565 Mbit/s 
6 figures, 3 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 56 to 60 


Digital multiplex units DSMX 34/140 and DSMX 140/565 for higher 
bit-rate signals are described. These units enable 4 x 480 and 4 x 1920 
telephone signals respectively to be transmitted in the communication 
network at levels corresponding to the multiplex hierarchy. As the 565- 
Mbit/s level presents a specific technological challenge due to the 
delays in the nanosecond range, the authors discuss the DSMX 140/565 
in particular detail. 


Descriptors: Digital signal transmission; time-division multiplexing; 
digital multiplex unit (DSMX); DSMX 34/140; DSMX 140/565 


Hornung, F.; Schalamon, F. SIEMENS 


Television Signal Processing for 140-Mbit/s Links 
6 figures, 3 tables, 3 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 61 to 67 


Television signals are nowadays transmitted mainly in analog form via 
radio relay, satellite and cable systems. Transmission will therefore 
have to continue on the basis of the present PAL, SECAM and NTSC 
television systems. These systems employ a composite color video sig- 
nal containing not only the video signal but also all the signals required 
for synchronization, as well as the control signals and in some cases a 
“sound in sync” signal. 


Descriptors: digital signal; television signal; composite color video sig- 
nal; television signal transmission; TV 140-Mbit/s digital transmission 
system 


Keller, C.; Pexa, G. SIEMENS 


Sound Program Signal Processing with the 
MStD Digital Sound Program Circuit System 


9 figures, 1 table, 3 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 67 to 72 


Digital sound program circuits are being increasingly provided not only 
for sound program transmission between sound broadcast and TV 
studios on the one hand and transmitters on the other, but also for 
international program exchange. The equipments comprising the 
MStD system can be used for both high-quality sound program circuits 
with 15-kHz bandwidth (384 kbit/s) and for sound program circuits with 
7-kHz bandwidth (192 kbit/s). 


Descriptors: MStD digital sound program circuit system; signal pro- 
cessing; digital single channel through-connection; transmission quality 
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Gieseke, V.; Kamp, N. SIEMENS 


DKVt2 Digital Channel Distributor for Remote 
Cross-Connection 


9 figures, 7 references 


telcom report 10 (1987) 
Special ‘Multiplexing and Line Transmission,” pp. 73 to 79 


As defined in CCITT Recommendations, the 2-Mbit/s digital transmis- 
sion hierarchy is based on PCM 30 systems. As the frame specified for a 
2-Mbit/s signal is often under-utilized, cost-effective network solutions 
are not always achievable. Consequently, the DK Vt2 digital channel 
distributor provides an ideal, versatile means of network optimization 
for small trunk groups. 


Descriptors: digital channel distributor; 2-Mbit/s hierarchy; remote 
cross-connection; cross-connection capacity; dialog controller; network 
optimization 


Kemmesies, H.; Waretzi, E. SIEMENS 


Echo Canceller in International Communication Links 
9 figures, 2 references 


telcom report 10 (1987) 
Special “‘Mulitplexing and Line Transmission,” pp. 80 to 85 


The increasing economic and technical importance of continental and 
intercontinental communication links routed predominantly via satel- 
lite led to a rethinking of the associated echo problem. The result was 
the development of an echo canceller to prevent a loss of signal quality 
on such links. The echo canceller described here was designed to 
CCITT Recommendation G.165 for synchronous and plesiochronous 
digital links operating at 2048 kbit/s. 


Descriptors: echo canceller; adaptive filter (AFI); echo signal; echo 
cancellation; echo suppressor 


Braun, E.; Kugler, E. SIEMENS 
Fundamental Aspects of Line Transmission 

5 figures, 11 references 

telcom report 10 (1987) 

Special ‘Multiplexing and Line Transmission,” pp. 87 to 91 

With the digitization of communication networks, cables are addition- 
ally required to transmit digital signals. The article discusses the vari- 
ous line transmission facilities with particular attention to the benefits 
of optical transmission systems. 


Descriptors: optical fiber; digital transmission; fiber-optic cable sys- 
tems; digital coaxial systems; regenerative repeater (ZWR) 


Braun, E.; Stummer, B. SIEMENS 


Digital Transmission on Fiber-Optic Cables 
in the Long-Distance Network 


5 figures, 2 tables, 9 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 92 to 96 


Fiber-optic transmission opens up entirely new system design options 
of great importance for network planners and operators. This article 
describes the basic equipment of digital fiber-optic transmission sys- 
tems for use in the short-haul and long-haul networks and for relatively 
long digital feeder links in sparsely populated areas. 


Descriptors: optical transmission system; transmission capacity; range; 
line coding; power budget; line terminating unit; regenerative re- 
peater; supervision; fault location 
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Domer, J.; Mehner, M.; Wanhl, J. 

Digital Transmission on Fiber-Optic Cables 
in the Local Network 

9 figures, 1 table, 7 references 

telcom report 10 (1987) 

Special “Multiplexing and Line Transmission,” pp. 97 to 101 

The LA34LWLON and LAI40LWLON line equipments are designed 
for use on fiber-optic cables for local interoffice circuits. This article 


describes the units comprising them and discusses their design and 
mode of operation. 


Descriptors: digital transmission; fiber-optic system; 34-Mbit/s trans- 
mission system; 140-Mbit/s transmission system 


Irnsperger, J.; Steiner E. SIEMENS 


Universal Fiber-Optic Transmission System 
for 2,8 and 34 Mbit/s 


5 figures, 4 tables, 4 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 102 to 106 


Line equipment LA2; 8; 34 LWL ONR is designed as a universal long- 
range optical transmission system which is also particularly suitable for 
rural applications. For use in the local and subscriber line networks, it 
can fitted with low-cost optoelectronic transducers. An in-service mon- 
itoring facility and interfaces for connecting service units are optionally 
available. 


Descriptors: line equipment LA2; 8; 34 LWL ONR; 2-, 8- and 34-Mbit/s 
digital transmission; in-service monitoring; interfaces for supplemen- 
tary services 


Braun, E.; Steiner, E. SIEMENS 


Supervision and Additional Services 
for Digital Fiber-Optic Transmission Systems 


8 figures, 4 references 


telcom report 10 (1987), 
Special “Multiplexing and Line Transmission,” pp. 107 to 112 


By providing separate equipment for transmitting the main signals and 
those for the auxiliary services, with interconnection via only a few 
internal interfaces, a system concept has been developed which offers 
network operators and equipment manufacturers optimum scope and 
flexibility. The range of auxiliary services can be adapted to suit cus- 
tomer requirements without affecting the high-quality, complex tech- 
nology of the primary system. 


Descriptors: optical digital transmission system; in-service monitoring; 
auxiliary service; remote supervision; service inset; fault-locating unit 


Pichlmayer, E. SIEMENS 


Transmission Systems for Video, Sound Program 
and FDM Signals on Optical Fibers 


4 figures, 4 tables, 3 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 113 to 117 


Despite the growing trend toward digital transmission, it is still more 
economical in terms of bandwidth requirement and equipment com- 
plexity to transmit video signals for TV using analog systems. This will 
continue to be the case for some years to come. In a detailed examina- 
tion of this subject, the author describes the individual transmission 
systems employing fiber-optic technology. 


Descriptors: optical fiber; video signal transmission; fiber-optic trans- 
mission system LA7/20LWL; sound program signal transmission; FDM 
transmission system 
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Bottner, U.; Wiegele, J. SIEMENS 
Planning of Digital Interoffice Trunks in the Local Network 

13 figures, 3 tables, 14 references 

telcom report 10 (1987) 

Special “Multiplexing and Line Transmission,” pp. 118 to 126 


Digitization of the local interoffice trunks is an essential element in the 
transition from analog to digital technology worldwide and an impor- 
tant milestone on the way to ISDN. This article describes the planning 
stages for determining the transmission network structure and also the 
technical and economic factors on which the choice of route and trans- 
mission medium is based. The authors give practical advice on the 
detailed planning of digital trunk circuits between local exchanges, 
including analog-to-digital conversion. 


Descriptors: local network planning; transmission network configura- 
tion; availability; network flexibility; ODIV computer program 


Braun, E. SIEMENS 
Fiber-Optic Transmission: Prototypes and Pilot Projects 
Experience gained for future networks 

7 figures, 21 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 127 to 131 


In this article, the author describes the fiber-optic transmission systems 
tested in various prototype versions and pilot projects and discusses the 
experience thereby acquired. 

Descriptors: optical fiber; pilot project; BIGFON; SICONET; 
May 1985 World Economic Summit 


Golz, H.; Schwarzbauer, K. SIEMENS 
Digital Transmission on Coaxial Cables 

3 figures, 2 tables, 4 references 

telcom report 10 (1987) 

Special “Multiplexing and Line Transmission,” pp. 132 to 136 


In order to transmit digital signals via existing coaxial cable networks 
originally designed for frequency-division multiplex transmission, three 
different digital systems operating at 34 Mbit/s, 140 Mbit/s and 
565 Mbit/s have been developed. This article describes the system com- 
ponents and discusses the power feeding, monitoring, fault location 
and protection arrangements. 


Descriptors: coaxial cable system; digital transmission; line equipment 


Schmidt, V.; von Winnicki, K. 
Digital Transmission on Balanced Copper Pairs 


7 figures, 4 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 137 to 143 


In recent years considerable effort has been directed toward monitor- 
ing equipment performance and the transmission quality of digital links 
generally, with the aim of defining and maintaining a quality standard. 
The equipment of the improved PCM30F systems and Siemens’ new 
PCM30G system have been optimized in accordance with these objec- 
tives. This article describes facilities for cost-effective monitoring of 
transmission quality, with particular reference to the LE2G line ter- 
minating unit. 


Descriptors: line terminating unit LE2G; alarm monitoring; alarm 
evaluating; PCM30F regenerative repeaters (Q 1000 and Q 80) 


Plugge, H.; Schweizer, L. SIEMENS 


Digital Transmission in the ISDN 
4 figures, 12 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 145 to 149 


In the ISDN the 64-kbit/s channel, originally developed for PCM tele- 
phony, is also used for data and text services. Digital transmission is 
introduced into the subscriber line network for this purpose. The digi- 
tal transmission systems for trunks meet the ISDN requirements from 
the outset. The ISDN will be further developed for broadband services 
in the future, and channels with a capacity of up to about 135 Mbit/s 
will be made available to the user via optical waveguides. 


Descriptors: ISDN (Integrated Services Digital Network); CCITT 
(International Telegraph and Telephone Consultative Committee); 
digital signal transmission 


Seidel, H. 
The ISDN Basic Access 
9 figures, 1 table, 10 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 150 to 155 


SIEMENS 


The installation of “digital” transmission links between exchanges has 
been under way for several years now. This conversion to digital tech- 
nology is continuing as more and more “analog” equipment is being 
replaced. Digital automatic exchanges are gradually taking the place of 
existing analog exchanges. Once these “digital” local and long-distance 
exchanges have been linked by a “digital” trunk network, the next 
logical step is to digitize the subscriber side of the system. 


Descriptors: ISDN (integrated services digital network); user (B) chan- 
nel; signaling (D) channel; basic access; digitization 


Drugh, P.; Hueber, P.; Richter, H. SIEMENS 
Primary Rate Access (PMXA) for ISDN User Equipment 
8 figures, 1 table, 1 reference 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 156 to 163 


The primary rate access (PMXA) connects ISDN user equipments with 
2-Mbit/s interfaces to the digital local exchange. At present, two types 
of network access are provided for connecting user equipment to digital 
local exchanges with ISDN capability: the basic access with two user 
(B) channels for main stations and small PBXs, and the primary rate 
access which takes the place of several basic accesses for medium to 
large digital PBXs. 


Descriptors: integrated services digital network (ISDN); primary rate 
access (PMXA) 


Niethammer, D. SIEMENS 
NTV-2 Network Clock for Digital Communication Networks 
Features high stability and redundant clock regeneration 

4 figures, 9 references 


telcom report 10 (1987) 
Special ‘Multiplexing and Line Transmission,” pp. 164 to 169 


In synchronous communication networks, the network nodes have 
extremely accurate central clock facilities which supply the transmis- 
sion and switching systems with frequencies which are uniform 
throughout the network. The microprocessor-controlled NTV-2 net- 
work clock described in this article operates on the master-slave prin- 
ciple. 


Descriptors: NTV-2 network clock; text and data networks; digital 
communication network; master-slave synchronization; network 
synchronization; synchronization; phase-locked loop 
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Network Synchronization in the ISDN 
7 figures, 1 table, 6 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 169 to 175 


Special standard frequency regenerators were developed for synchroni- 
zation of the network, with the same technical characteristics for both 
switching and transmission equipment. The Deutsche Bundespost 
employs a generation of newly-developed standard clock units for the 
distribution and regeneration of the reference frequencies in the hierar- 
chically-structured standard-frequency network. The operating charac- 
teristics of these clock units measured during field trials are presented. 
A future broadband ISDN could be likewise synchronized via the 
standard-frequency network. 


Descriptors: standard-frequency regenerator; standard clock units; 
standard-frequency switching inset; standard-frequency inset 


Bergmann, G.; Peitz, A. SIEMENS 


The Evolution of Text and Data Networks to ISDN 
5 figures, 4 references 


telcom report 10 (1987) 
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Whereas in the past efforts were concentrated on the supply, installa- 
tion and commissioning of switching systems and associated network 
components for the worldwide telex network and the establishment of 
“digital” dedicated circuit data networks, the main area of activity 
today — one which will gain in importance as time goes by — is the 
establishment of packet switching networks. In addition, the introduc- 
tion of ISDN will generate a demand for facilities at the service and 
network interfaces between existing networks and the text and data 
services that will be introduced under ISDN. 


Descriptors: ISDN; text network; data network; packet switched net- 
work; circuit switched data network 


Merz, G.; Pumpe, G. SIEMENS 


Realization of Versatile Transmission Networks 
for Text and Data 


2 figures, 2 tables, 6 references 


telcom report 10 (1987) 
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From the viewpoint of the user, the requirements that data networks 
have to meet are very varied: differing volumes of data, data transmis- 
sion rates, demands on the availability, acceptable charge rates and 
costs, interfaces, codes, data formats and protocols are some of the 
important parameters that have to be taken into account. Despite this 
wide range of requirements, the networks must retain a certain degree 
of standardization and uniformity, if they are to be easy to use and 
reliable in operation with personnel costs kept to a minimum. 


Descriptors: data network; data transmission rate; transmission net- 
work; data format; interface; availability; text and data network 
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Versatile TDM System for Text and Data Transmission 
4 figures, 2 tables, 6 references 
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The ZD-A3/2 time-division multiplex (TDM) system is a modular 
stored-program-controlled equipment for text and data transmission, 
meeting all the hardware and software requirements of modern data 
transmission networks, both public and private. It can be used for 
multiplexing structured, unstructured, synchronous or asynchronous 
text and data signals in existing or future dedicated or switched net- 
works (such as circuit switched or packet switched data networks). 


Descriptors: time-division multiplex system ZD-A3/2; text and data 
transmission; data transmission network; dedicated data network: 
switched data network 
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TDM Concentrator Featuring Traffic-Controlled 
Time Slot Allocation 

3 figures 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 191 to 194 


The ZD-D time-division multiplex (TDM) concentrator system dis- 
penses with the customary division of the information stream into sub- 
groups for the various signaling rates on multiplex links, thereby ensur- 
ing that link utilization is high. The article describes the operating 
principle, mechanical design, areas of application, as well as test and 
control units of the ZD-D. 


Descriptors: ZD-D time-division multiplex concentrator; ZD-DE 
single-channel multiplexer; ZD-DK concentrator-channel multiplexer; 
PSG-D test-loop control unit; ESG 1000 and SGX 21 service units 
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Data Network Terminations for Switched and 
Dedicated Circuits with Baseband Transmission 
9 figures, 10 references 
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PTTs are incorporating special data networks in their telecommunica- 
tion networks. In the hierarchical structure of these networks, the 
lowest level is formed by the circuit between a peripheral network node 
and the data communication equipment. Various data communication 
equipments — the data network terminations — are available to suit 
specific data terminal equipments and particular applications. 


Descriptors: data network terminations DAG and DNG; data network 
termination module DNM; data communication equipment; baseband 
transmission units UEB 12-04E, UEB 12-04 and UEB 12-05 


Halamek, H.; Holzner, F.X. SIEMENS 
More Efficiency through Computer-Aided Network Management 


From manual to computer-aided network management 
in transmission networks 


9 figures, 2 references 
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The steady increase in the complexity and loading of networks and the 
increasing speed with which network reconfigurations must be imple- 
mented mean that efficient and cost-effective operation of telecom- 
munication networks in the future will only be possible with the use of 
computer-aided network management. A distinction is drawn between 
network management in switched networks and in transmission net- 
works. Various protection switching methods are described. 
Descriptors: network management; transmission system; protection 
switching; switching station; network monitoring; network control 
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SISA Concept as the Basis 

for Computer-Aided Network Management 

Standardization, tasks and structure of the signal collection 

and distribution system SISA at telecommunication centers 

3 figures, 1 reference 

telcom report 10 (1987) 

Special “Multiplexing and Line Transmission,” pp. 207 to 209 

With the signal collection and distribution system SISA at telecom- 
munication stations, a new concept has emerged in international delib- 
erations and standardization proposals as essential for the computer- 
aided network management of the future. This system is used for trans- 
ferring information and commands inside telecommunication centers. 


Descriptors: signal collection and distribution system SISA; standardi- 
zation; CCITT; CEPT; computer-aided network management 


Herkert, H.; Kabl, W.; Timmermann, U. SIEMENS 
SISA Building Blocks for Computer-Aided Network Management 
Elements of the SISA signal collection and distribution system 

in telecommunication centers 

5 figures, 1 reference 

telcom report 10 (1987) 

Special “Multiplexing and Line Transmission,” pp. 210 to 213 

The management of transmission networks includes maintaining the 
availability of the network on a continuing basis, monitoring the quality 
of network performance, updating network data and equipment man- 
agement, as well as observing unattended telecommunication centers 
for environmental factors. An important requirement in achieving this 
objective is the provision of the SISA system in telecommunication 
centers. 

Descriptors: signal collection and distribution system SISA; equipment 
interface C1; computer-aided network management 
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Centralized Supervision and Control 
of Integrated Text and Data Networks 
5 figures, 3 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 214 to 217 


Text and data traffic is constantly expanding — this applies both to the 
range of services offered and to the structure and usage of the transmis- 
sion networks. Failure of terminal circuits has an immediate effect on 
the services. With the data network signaling (DNS) system there is 
now an effective monitoring and diagnostic tool for the early detection 
and rapid elimination of faults, particularly at the lower network level 
out to the user network termination. 


Descriptors: text and data traffic; integrated text and data network 
(IDN); data network signaling (DNS) system 
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Service Channels on Fiber-Optic Transmission Routes 
8 figures, 3 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 218 to 223 


On optical waveguide systems with high bit rates it has become possi- 
ble, by combining all the additional services, to dispense with separate 
fibers or copper wires for the service channel, the service signals being 
modulated onto the digital main signal. With this service channel facil- 
ity the operating modes “collective call” and “selective call” can be 
realized; also connection to a PABX or public local exchange is pos- 
sible. 


Descriptors: service channel facility; optical waveguide transmission 
system; delta modulation; selective call; collective call; transmission 
method 
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A High Degree of Route Availability 
for Voice and Data Transmission 


Optimized fault location and route monitoring 
for 2-Mbit/s transmission routes 


6 figures, 1 table, 3 references 


telcom report 10 (1987) 
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The basic function of a service-optimized fault location and route moni- 
toring system is to provide quality assessments for the route as a whole 
in terms of its availability for voice and data transmission, without 
interrupting service. For this purpose, Siemens offers line terminating 
units (LE) with integrated supervision equipment, a portable fault- 
locating set and supervisory control systems FBZ40 and FBM40. 
Descriptors: voice transmission; data transmission; fault location; 
route monitoring; route availability 
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O&M Systems Optimize Network Efficiency 


Supervisory control systems guarantee constant network 
availability and high transmission quality 


9 figures, 3 tables, 4 references 


telcom report 10 (1987) 

Special “Multiplexing and Line Transmission,” pp. 230 to 237 
Supervisory control systems for communications are mainly designed 
for controlling and monitoring information transmission equipment on 
the route and at specific sites. This article describes the features, tech- 
nical specifications and possible applications of the field-proven FB 40, 
FBM40 and FBZ40 systems and also discusses the new TCS 100 range 
of systems. 
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Principles of Fiber-Optic Systems 
12 figures, 2 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 239 to 244 


Fiber-optic systems are becoming an increasingly important feature of 
line communication. This article describes the principles of light- 
guiding, with particular reference to the transmission characteristics 
of the optical fibers. 
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Industrial Manufacture of Optical Fibers 
7 figures, 2 references 
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On July 25, 1986 the first German optical fiber manufacturing plant 
was inaugurated in Neustadt in northern Bavaria. Optical fibers are 
manufactured here using the OVD (outside vapor deposition) process 
developed by Corning Glass Works, Corning (USA). Initial capacity of 
100,000 fiber kilometers per year will be expanded in stages to about 
one million fiber kilometers. 
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manufacturing process; clean-room environment; supply of materials 
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Fiber-Optic Cables 
15 figures 


telecom 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 249 to 255 


Fiber-optic cables are constantly growing in importance for all types of 
communication path and application. The reliability of the new trans- 
mission medium has been demonstrated throughout the world. This 
article discusses the design principles for the main applications. 


Descriptors: optical fiber; interference immunity; fiber buffer; strand- 
ing; local cable; long-haul cable; aerial cable 
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Fast Splicing Methods for Optical Fibers 

12 figures, 4 references 

telcom report 10 (1987) 

Special “Multiplexing and Line Transmission,” pp. 256 to 262 

The article describes a fusion and a non-fusion splicing technique for 
fast jointing of single-mode and multimode optical fibers in the long- 
haul and local networks. The microprocessor-controlled fusion splicer 
produces low-loss splice joints automatically in less than one minute. 
With the mechanical multifiber splicing system, preconnectorization 
ensures minimal installation times in the field. 

Descriptors: optical fiber; splicing method; splicer; automatic splicing 
process; LID system; microprocessor-controlled alignment; mechani- 
cal multifiber connector; splice loss 


Kunze, D. SIEMENS 


Closures, Containers and Flexibility Accessories 

for Fiber-Optic Cables 

10 figures, 1 table 

telcom report 10 (1987) 

Special “Multiplexing and Line Transmission,” pp. 263 to 268 

The closures, containers and flexibility accessories used on fiber-optic 
links are based on the proven designs for metallic communication 
cables. They were modified for fiber-optic cables to take into account 
the special features of these new transmission media. 

Descriptors: optical fiber; line equipment; closure; container; flexibil- 
ity accessory 
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Fiber-Optic Projects in Europe 
4 figures, 1 table, 9 references 


telcom report 10 (1987) 
Special “Multiplexing and Line Transmission,” pp. 269 to 272 


This article provides an overview of the fiber-optic cable systems 
installed by Siemens in Europe; the author discusses the projects for 
the Deutsche Bundespost, covering all levels of the telephone network. 
Fiber-optic cable systems for other users, categorized according to PTT 
and industry, are described by reference to selected typical examples. 


Descriptors: fiber-optic project; fiber-optic cable; operational experi- 
ence; network level; evolution of fiber-optic cable technology 
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Fiber-Optic Cable Projects in the USA 
6 figures, 5 tables, 17 references 
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Siecor Optical Cable, Inc. was founded as a joint venture between 
Siemens Corporation and Corning Glass Works. Since then, intensive 
work has been carried out in the field of fiber-optic technology —‘more 
than 1 million kilometers of cabled fiber have already been installed. 
Some of the most important projects — for MCI, WilTel and a number 
of cities in the USA — are described. Reliability data over several years 
is also presented. 


Descriptors: Fiber-optic cables; projects in USA; market position; 
fiber-optic reliability 


Xl 


ee 


Auracher, F.; Mahlein, H.F.; Winzer, G. SIEMENS 


Development Trends in Integrated Optics 
15 figures, 24 references 


telcom report 10 (1987) 
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In communications, the growth in demand for high transmission capac- 
ity and the existence of optical fibers (light waveguides) capable of 
meeting this demand are two factors leading worldwide to the develop- 
ment of miniaturized optical circuits for the generation and processing 
of optical signals. This technology, known as integrated optics (IO), is 
described and explained with reference to three typical applications. 


Descriptors: integrated optics (IO); III-V semiconductors; distribu- 
tion, modulation and multiplexing of guided light waves; ion exchange; 
phase modulator; intensity modulator; optical directional coupler 
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Optoelectronic Transmitters and Receivers 

Semiconductor components for optical waveguide transmission 
systems 

12 figures, 20 references 
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Sources and detectors made of semiconducting material occupy a key 
position in such systems, since they help to determine the obtainable 
route length, the transmission rate and other system characteristics. 
Such devices (e.g. infrared-emitting diodes, laser diodes and photo- 
diodes) are presently manufactured from AlGaAs/GaAs and 
InGaAsP/InP semiconducting materials as discrete devices for the 
wavelength region around 850 nm, as well as from 1300 to 1600 nm. 


Descriptors: optoelectronics; optoelectronic semiconductor compo- 
nent; infrared-emitting diode; photodiode; laser diode; OEIC circuit 
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Laser Diode Module for Single-Mode Optical Waveguide Systems 
5 figures, 12 references 
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Laser diode modules with defined optical and electrical connections are 
required for the construction of optical transmission systems. Very high 
requirements have to be met for systems with single-mode fibers, in 
order to obtain low coupling losses. By means of good design, suitable 
material selection and new production methods, the required align- 
ment tolerances can be met. 


Descriptors: single-mode optical waveguide systems; launching; laser 
module; integrated coupling optics; microwelding method; glass solder 
and laser welding method 
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A New Generation of Test Equipment 
for Digital Transmission Systems 


10 figures, 1 table, 4 references 
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A new generation of test equipment for digital transmission systems is 
presented. This test equipment is computer-controlled and multifunc- 
tional due to the use of miniaturized technology. Operator convenience 
and extensive test data analysis programs make possible the use of test 
methods, facilities and required accuracy as documented largely in 
CCITT recommendations. 
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P2030 
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Measuring and Test Equipment for Optical Communications 
5 figures 
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The rapid spread of fiber-optic communication systems has been 
accompanied by corresponding developments in measurement techni- 
ques. Whereas manufacturers of optical fibers check transmission- 
related criteria and mechanical parameters such as homogeneity, etc., 
system operators are more interested in the quality of optical fibers 
after installation and in the long term. 
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Environmental Testing of Fiber-Optic Cables 
8 figures, 1 table, 6 references 
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Wide-ranging demands are made on the transmission and environmen- 
tal performance of fiber-optic cables. Whereas the purely transmission 
characteristics are primarily determined by the fiber itself, environ- 
mental performance is mainly influenced by the cable design and man- 
ufacturing parameters. In order to optimize the specific cable charac- 
teristics required, environmental effects are simulated and stringent 
tests are carried out. 
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sile stress; thermal and chemical stress; temperature cycling test; ten- 
sile test; fiber strain; flex resistance 


Kraus, W.; Kuhn, G.; Pschorr, A. 


Quality Assurance of Active Fiber-Optic Components 
Exemplified by a Transmitter Module 


11 figures 
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Active optoelectronic transducers are of great importance, since they 
represent the link between conventional electronic information pro- 
cessing and modern optical communication systems. As such, they are 
understandably subject to exacting quality requirements. How Siemens 
meets such a high quality standard by applying quality assurance from 
the very start is shown in this article, by reference to a transmitter 
module. 
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During the past years a new technology has become increasingly 
accepted in the field of communications transmission via cables. In 
contrast to copper cable technology, here signals are transmitted 
optically with the aid of optical waveguides — also called optical 
fibers. This development was supported by the availability of suit- 
able semiconductor components such as lasers, light emitting 
diodes and photodiodes. At the same time, digital transmission 
systems already in operation were upgraded to meet the demands 
of optical fiber technology. 

This publication is directed towards all who deal with the design, 
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Worldwide Telecommunications Guide 
for the Business Manager makes its 
appearance at a time when phenomenal 
growth and change are taking place in the 
telecommunications industry. Informa- 
tion flow is rapidly growing as businesses 


035568 


MANTA 


international information is difficult to 
obtain, tariff structures differ in every 
country, and each telephone company 
has separate procedures and regulations. 
Now, this new resource guide presents a 
comprehensive overview of the world- 
wide telecommunications industry. 


Intended for regular use by all business 
professionals, this one-of-a-kind guide 
presents a thorough discussion of the 
many aspects of data and telecommuni- 
cations covering both domestic and inter- 
national markets. Quick access to infor- 
mation, examples for calculating tele- 
phone company charges, and alternatives 
for voice and data communications, mes- 
sage texts, electronic mail, Teletex and 
Videotex are provided. Large multina- 
tional corporations will find this guide to 
be a valuable time-saver in evaluating 
product and service alternatives. 


Specific chapters cover the information 
center environment, worldwide environ- 
ment, international information flow, 
network attachment products, office sys- 
tems, digital voice/data networks, US net- 
work services, US networking alterna- 
tives, international traffic, value-added 
network services (VANS), telematics, 
satellite communications and a look 
ahead through the year 2000. 


Worldwide Telecommunications Guide 
for the Business Manager is intended for 
professionals, managers, and executives 
in international marketing and telecom- 
munications, who will find it invaluable in 
planning new international office loca- 
tions, expanding existing markets, estab- 
lishing communications to new plant 
facilities, or merely to improve communi- 
cations to international locations: 
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